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PEEFAOE. 



MAi^TY readers of my " Diagnosis of Diseases of the Spinal Cord '^ 
have asked me for a book, similar in scope and method, dealing with 
the symptoms and methods of diagnosis of Diseases of the Brain. In 
response to that request, I publish these Lectures, delivered at Uni- 
versity College Hospital. 

I have left the Lectures very much in the form in which they were 
delivered, believing that thus they will be most useful. The account of 
the diagnosis of the nature of the lesion, contained in the concluding 
Lectures, is intended rather to impress on the student the methods of 
diagnosis and the most important distinctions between the various dis- 
eases, than to furnish an exhaustive description of these distinctions. 
At the same time, I believe that those given will enable a diagnosis to 
be made in the majority of the cases that the student or practitioner is 
likely to encounter. 

Queen Anne Street, London, 
June, 1885. 
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LECTURE I. 

INTRODUCTION— MEDICAL ANATOMY OF THE BRAIN; CORTEX, 

MOTOR PATH, SENSORY PATH. 

Gei^tlemen", — The subject of the diagnosis of diseases of the brain 
certainly transcends in complexity, and perhaps exceeds in interest, all 
other problems in practical medicine. In nerve-elements the involution 
of energy reaches the highest degree known to us, and in the chief organ 
of the nervous system these elements, vast in number, various in char- 
acter, are arranged in wha1> seems to us extreme complexity. The num- 
ber of the nerve-cells of the brain is not known, and if it were, our minds 
would be powerless to grasp the extent of the array. The cortex alone 
has been estimated to contain eight hundred millions of cells. Of all 
the elements that compose the brain, not one is isolated. Each is con- 
nected with others, and their anatomical connection subserves a cor- 
responding functional association. A change in the functional state of 
one involves a change in the functional state of others; and change is 
constant, rest unknown. 

Complex as the arrangement of the elements of the brain appears to 
us to be, it may be found, with fuller knowledge, that the principles of 
the plan are comparatively simple. The variety in form of the nerve- 
elements is small, if we consider how numerous they are. The fibres 
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present little variation. The cells, even when the element of size is taken 
into consideration, may probably be classed in not more than a dozen 
varieties. It is the arrangement and connection of these elements that 
constitutes the complexity of structure of the brain, and subserves its 
complexity of function. At the same time we must remember that the 
varieties of form give us no clue to the differences that may exist among 
the elements of which nervous tissues consist. Neither microscopical 
examination nor chemical analysis can penetrate beyond the coarsest out- 
lines of the constitution of living matter. It is probably within the 
facts to assert that each nerve-cell contains as many material atoms as 
the brain contains nerve-cells. Even the molecules, formed by the group- 
ing of these atoms, are beyond the reach of any means of scrutiny we 
possess, or of which we have, at present, any promise. The fundamen- 
tal diversity that must exist, where we can discern only uniformity, is 
shown to us by the action of poisons, and in the effects of disease. One 
poison acts on one part of the nervous system, and leaves uninfluenced 
another part, which a second poison affects alone. We are accustomed 
to explain this by the difference in the chemical constitution of the 
poison; but it is evidence of an equal difference in the nerve-elements, 
that are, as we say, *^ selected ^^ by it. The selection is no matter of 
arbitrary choice. It is the result of the nature of the nerve-elements 
themselves; the expression of differences between them, revealed by such 
effects alone. This consideration renders many effects of disease more 
intelligible, though it may not lessen their mystery. 

Certain leading facts regarding the structure of the brain must be clearly 
recognized, if we would understand what is known of the principles of 
the diagnosis of its diseases. Our present knowledge of the cerebral 
structure is at once far more than we can use, and far less than we need. 
The researches of the last quarter of a century — of Lockhart Clarke, 
Broadbent, and others, in this country; of Stilling, Meynert, Wernicke, 
Flechsig, among the Germans; of Luys, Foville, and others, in France — 
have brought to light an immense number of facts, and have built up a 
large mass of knowledge, much of which has at present no practical ap- 
plication. 

But if we attempt to select from the facts described by different in- 
vestigators those that are of chief importance, we are at once met by a 
fresh difficulty. Many of the conclusions reached by different investi- 



INTBODUOTION. 8 

* 

gators do not correspond — are even contradictory. This is not surpris- 
ing. The interlacing tracts of fibres baffle the scalpel^ and even the 
microscope, when we attempt to trace their course. What, then, is to 
be our guide when investigators disagree? Fortunately we are not depen- 
dent only on simple dissection, or even microscopical examination. The 
selective action of disease affords invaluable help in the study of the 
structure of the nerve-centres. It was long ago discovered (by Waller) 
that if nerve-fibres are destroyed at a given point, they undergo de- 
generation beyond the lesion, and this degeneration extends along them. 
as far as they continue simple fibres. The degeneration is only in one 
direction, and that is the direction of functional conduction; on the side 
of the lesion from which the fibre conducts there is no degeneration. 
By means of this ^^ secondary degeneration '' the course of some tracts of 
fibres may be traced with precision through the brain. Moreover, we 
have a second guide. A distinguished German investigator, Flechsig, 
has availed himself of the fact that different tracts of nerve-fibres in the 
hrain acquire their white substance at different stages of fcetal and in- 
fantile life. He has shown, by a remarkable series of investigations, 
that we may learn as much of the course of fibres by studying them in 
their birth as in their death — in their development as in their decay. His 
discoveries have thrown new light on many difficult problems, and supply 
a trustworthy guide in discovering where the truth lies in other and 
contradictory descriptions. 

The experimental researches on the functions of the brain, chiefly of 
Hitzig and Munk in Germany, and Perrier in this country, have also 
given us vast help in diagnosis. Here also, however, we meet with con- 
tradictions; and here also more has been ascertained than we can at 
present apply. Our guide in this department must be the facts of clinical 
and pathological observation. We must beware of applying wholesale 
to the human brain the conclusions derived from experiments on ani- 
mals. The latter are of value to us only as indications for observation 
on man, and by enabling us to give a fuller interpretation to the facts 
we learn by our study of disease during life and after death. Some of 
the experimental facts have at present received no confirmation, and 
on some points we especially need information, which, from their nature, 
experiment cannot give. 

Before we enter on those details regarding the structure and functions 



of the brain that are of chief importance for diagnosis, I must remind 
you of certain important elementary facta. We speait of nerve-cella and ' 
nerve-fibres as if they were merely connected structurea, essentially ' 
distinct. They are not really so. The axis-cylinder of each nerve-fibre 
is the prolonged process of a nerve-cell, sharing all changes of nutrition , 
that the nerve-cell undergoes, suffering with it when the cell is damaged. 
This is the secret of the secondary degeneration. If a fibre, or part of a ! 
fibre, is cut off from its parent cell, it degenerates; the part still in con- 
nection with the cell does not degenerate. If the cell is destroyed, the 
whole fibre perishes. Although I have said that every fibre is a nerve- 
cell process, I need hardly tell you that the fact is not proved. It never 
can be proved by obseryation. But the relation can be obeerved of some 
cells in various parts of the nervous system; the contrary has never been. 
observed; and we may therefore infer, with considerable probability, 
that the fact is true of all nerve-fibres. We do not know whether any 
nerve-fibres unite directly the undivided processes of two nerve-cells. 
It is highly probable that, as a rule, they do not, because we usually find 
that only one process of a cell becomes directly an asis-cylinder; the , 
other processes divide and ramify in a branching network of the finest i 
nerve- fibril! je. This structure is probably intermediate between ad- ' 
jacent nerve-cells, and in it the nerve-fibres may end, that are the pro- 
longed processes of other and sometimes distant nerve-cells. 

Another preliminary consideration is of a different nature. It is ne- 
cessary, in speaking of the functions of the brain, to use the term 
"centre." Eemember that the word is employed in its physiological 
sense; not in a geometrical, or even in a topographical, sense. It indi- 
cates a combination of nerve-cells subserving a given function. Note, 
first, that this function may not bo the only one subserved by the group 
of nerve-cells. In many groups the uerve-cells are very numerous; they 
are connected with each other by a ramifying plexus of fibrillie, and are 
connected with other and distant groups of cells by nerve-fibres. Such 
a collection of cells may contain many centres, since only some cells are 
probably in action at the same time. The possible functional combina- 
tions in such a group are almost infinite, since the variations involve not 
only the number of cells in action, but the relative degree of their 
action. Only some of these are usually, perhaps ever, in functional 
activity. Lines of various resistance exist by which the functional com- 
binations are determined. Education is largely the establishment of 
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these lines of least resistance. Habit depends upon them. Although 
the finest, most complex mechanism of human contriyance is rude com- 
pared with the simplest arrangement of the brain, I may illustrate this 
Tariation of function by an object with which you are all familiar. 
Wherever large buildings are being erected, or extensive excavations 
made, you will see a steam crane. This machine, by a change in the 
relation of the different parts of the complex mechanism, may be made 
either to draw up a weight, to swing itself round, or to travel along a 
line of rails. The motive force is the same — ^the machinery is essen- 
tially the same; the difference in result depends on certain parts of the 
machinery being in or out of ^^gear.'^ In the one machine are func- 
tional centres for progression, rotation, and turning a windlass. 

Not only may one part of the brain contain many centres, but a 
single functional centre may consist of nerve-elements that are anatom- 
ically distant— even situated in different hemispheres. Cells may act 
together when the nerve-fibre that connects them is many inches long, 
as perfectly as if they are only a hundredth of an inch apart, just as the 
needles of two galvanometers in the same circuit are deflected at the 
same moment, judged by ordinary standards, whether they are distant a 
foot or a mile. 

One more preliminary consideration. A familiar line asserts that 
^^ things are not what they seem,'' and although the statement is scarcely 
of the universal application that its form suggests, it js one that should 
not be forgotten when we study the arrangement of the nervous system. 
The course of nerve-fibres is pften very different from that suggested by 
the course of the nerves in which they run, and the arrangement and 
connection of the elements of the brain is often not the same as that 
suggested by the coarse morphological relations of its parts. Nerve- 
fibres frequently take a course not only very different from that which 
might be anticipated, but mysteriously tortuous — I was going to say un- 
necessarily tortuous. Doubtless these irregularities have had their 
necessity; but this lies in the dim past of development, beyond our 
range of vision. The course of the fibres of the cranial nerves affords 
many illustrations of these anomalies. A comparatively simple instance 
is presented by the spinal part of the spinal accessory nerve, which 
arises from the same gray matter as the cervical nerves, is distributed to 
the same muscles, bat has a course that takes it just within the entrance 
to the cranial cavity, although it has no business there, as far as we can 
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see, to justify its ascent. The conrse of the fibres that sabseire taste is 
a more elaborate instance of the same thing, and it has caused difficnltiea 
from which neither anatomical nor physiological investigation has yet 
cleared onr knowledge. 



I may safely assume, gentlemen, that you are familiar with the chief 
facts in the topographical anatomy of the brain, and amongst them with 
the names of the couvolutious. But, as I shall have f raquently to refer 
to these, I put before you a diagram on which the fissures and convolu- 
tions are shown and designated. 




I need only add one fact to those that are indicated on the diagrams. 
There is, as we shall see, an important difference in function between 
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the ascending frontal and the three other frontal oonyolutions. Hence 
it is often convenient to speak of the latter without the former. We do 
so by terming the three antero-posterior convolutions, and corresponding 
inner surface, the "prefrontal lobe/' Thus we mean by this term the 
portion of the brain anterior to the ascending frontal convolution. It 
is, like many others, an inaccurate word, but it has become current, and 
is convenient — indeed necessary. 

The cortex of the cerebral hemisphere covers, as you know, a mass of 
white substance — ^the centrum ovale. The cortex consists of nerve-cells, 
with fibres connecting them, and proceeding from them to the white 
substance beneath. The cells vary much in form and size, and certain 
kinds of cells preponderate at different depths from the surface, thus 
enabling us to distinguish certain layers (see Fig. 3), which are, how- 
ever, ill-defined, and differ somewhat in different parts of the cortex. 
Hence various descriptions of these layers have been given by different 
observers. At the surface is a narrow " superficial layer,'' ' with few 
nerve-elements, and beneath this is a layer of small pyramidal cells 
densely massed together. Below this is a thicker layer of large pyra- 
midal cells, which are larger in the deeper than in the more superficial 
part of the layer. The apex of the pyramidal cells is turned towards 
the surface. Next comes a layer which contains still larger cells, some 
pyramidal, and others more irregular in form, and, from the resem- 
blance of the latter to the cells of the anterior cornu of the spinal cord, 
this layer is termed the ganglion-cell layer. In the motor region of the 
cortex these cells are especially large, many of them exceeding in size 
any other cells in the nervous system. But between this layer and the 
last, or rather in the lowest part of the last, the large pyramidal layer, 
small round or angular bodies are rather numerous; and over a consider- 
able part of the cortex, especially that in which the sensory functions 
seem chiefly developed, these increase in number, and constitute a well- 
marked granule layer. Beneath the ganglion -cell layer, and next the 
white substance of the hemisphere, is a layer in which fusiform cells 
preponderate. 

The white substance consists of fibres passing in various directions. 
Some pass from one part of the cortex to another part in the same hemi- 



* The italics indicate the names commonly given to the layers. 



The drawinEs were-made from 
sectiona of the ascending frontal 
and first annectant convolutions 
(tbo latter near the extremity of 
the parie to-occipital fisHure), The 
sections were kindly furnished 
me, as representative of the so- 
called motor and sensory types, 
by Dr. Bevar Lewis, whose im- 
portant inveetigations into the 
structure of the cortex are well 
known. In addition to the facta 
mentioned in the text, certain 
others may be noted. No layer 
is composed exclusively of one 
kind of cell ; most forms are met 
with in each layer, but some are 
scarce and others abundant. Al- 
most aU the pyramidal cells have 
their apex turned towards the 
surface of the brain. The gran- 
ule layer of the sensory type is 
formed at the expense of the two 
adjacent layers, the large pyra- 
mid layer and the ganglion-cell 
layer, and these two layers in the 
motor type merge one into the 
other to an even greater degree 
than the other layers. In the 
sensory type the very large gang- 
lion cells of the motor type are 
absent. In the white substance 
nuclear bodies lie an]on<; the 
fibres, and near the gray cortex 
isolated cells occur, similar to 
those in the gray matter, becom- 
ing few as we pass more deeply 
into the white substance. Many 
fibres run through the gray sub- 
stance towards the surface, and 
they are, to some extent, aggro- 
gated into bundles, partially sep- 
arating the nerve-cells into col- 
umns. To avoid contusion these 
fibres have not been shown in 
tlie diagram. 





iphere. Others pass inwarda to the corpus callosui 
through these, corresponding parts of the two 



and prohably, 
iapheres are con- ' 



Dected, and brought iuto functional unity. Others, from almost i 
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parts^ converge to the internal capsule, and to the optic thalamus; while 
from the posterior and under part, fibres pass to the cms, and from the 
posterior part, to the corpora geniculata, quadrigemina, and optic tract. 



In our survey of what may be termed the functional anatomy of the 
brain — ^the consideration of the stri^ctural arrangements that subserve 
special functions — we may pass next to the parts concerned in voluntary 
motion. As you already know, in o^ly one part of the cortex can we 
trace a special relation to voluntary n^otion. This part consists of the 
two (so-called " central ") convolutions that bound the fissure of Eolando, 
the ascending frontal and ascending parietal, with the expansion back- 




Fio. 4.— Cortical Centres: |jeft Hbmibphbrb. 

The position of the limb-centres is indicated by the letters composing their names. T, tongue- 
centre. The dotted line incloses the motor speech-centre. F L, frontal lobe; P L, parietal lobe 
O L, occipital lobe; T L, temporal lobe; /. B, fissure of Rolando; /.a.a., anterior limb of the fissure 
of Sylvius; /.«.p., posterior limb of the same fissure; p.o./., parieto-occipital fissure. 

wards of the latter in the ^^ superior parietal lobule,'' and also with the 
medial aspect of these convolutions on the inner side of the hemisphere 
— ^the *^ paracentral lobule,'' and part of the '^precuneus" (Fig. 2). As 
you have also learned in the class of physiology, voluntary motion is not 
uniformly related to this region. The leg is chiefly represented in the 
upper third of these convolutions, the arm in the middle third, the face 
in the upper part of the lower third, the tongue and lips in the lowest 
part of the ascending frontal (Pig. 4). Voluntary speech is related to 
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this centre for the tongae and lips, and to the adjacent part of the third 
(lowest) frontal convolution. 

We do not know whether there is any eharp limitation between these 
limb- centres; probably there is not, at any rate between the centres for 
the arm and for the leg. In animals certain movements have been found 
speciallj excitable at certain points, and representations of the human 
brain are often given, to which these centres have been transferred. But 
clinical facts have not at present confirmed iu man the existence of these 




D UEDITLLA. 

P. ascending- parietal oon- 

cDDTolutloD; IFF, Inter- 

i S. subetanUa nigra; Pf. 

re shown as coaMnuous 



Fia. 5.— Duaaui or thc CotnisE or tde Motob Tuct u bdo«h m i 

SlCnOK THBODQH TH£ ClBBBtUL HUOHPHSBE, PONB. A 

Ft, frontal lobej Oc, occipital lobe; A F, ascending frontal; and i 
volatlonB; P C F. precentnJ Bssure In front of the ascending fronts 
parietal flmure. A Bection of theorura lalettered on tlie leftside: 
i^on ocouplsd b; the pyramidal flbres (motor tract), which on the right ai 
Ilnea. converging In the white substaace o( the hemisphere, to pass through the posterior limb ot 
I C, the Internal capgiole Ithe elbow of which ia shown at *)— through the crUB and ponB, and to 
dMde Id the medolla Into the decuBaatlng lalera] pp-amidal tract (^t), and the non-decuasatlDg or 
anterior pTnunldal tract (apt). 

limited centres' for certain movements. In animals, moreover, centres 
are found on the posterior parts of the first and second frontal convoln- 
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tioDS. These are not only unconfirmed so far as the human brain in 
concerned, bat the balance of evidence is against their existence. ' 

This region of the cerebral cortex is certainly motor, but it is cer- 
tainly also not exclusiTcly motor. Its destruction by disease causes per- 
sistent paralysis, corresponding in distribution to the part destroyed; 
aritation of it causes convulsions, that begin in the limb corresponding 
to the part irritated. But destruction of these parts causes also some 
loss of sensation, chiefly in the extremity of the limb most paralyzed, 
and accompanied by an inability to recognize the position of the extrem- 
ity, hand or foot — an inability which maybe out of all proportion to the 




FlO. e.— DUOKAH TO SHOW THE HSLITITK POamOK OF THE BETIttAL MoTOB TBAOTS DI tBMtti 



The section through (he cnnTolutlonH Is vertical; that through the Internal capsule, I C, horf- 
HmW ; that through the crus is AgttiD vertical. C N, caudate nucleua: O TH, optic thalamua; 
LSand L8, the middle and outer parta of the lenticular nucleus ; /. a, I, lace, arm, and legllbree. 
The words In Italics Indicate the comepondlog cortical ceatrea. 

loss of cutaneous sensibility, and even, strangely enough, may esist 
alone. Of this peculiar loss I shall have more to say hereafter. An- 

'Sch&fer and Horslej find, in monkeys, centres for the trnnk muscles in the 
highest part of the motor region (especially on the inoer aspect), and in the pos- 
terior part of the flrat frontal convolution. Ferrier found centres for the move- 
meot of the head and eyes on the first and second frontal. 
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other fact of similar significance is that convulsions produced by disease 
in this region often commence by a sensory " aura/' 

From this motor region of the cortex, fibres pass down to the spinal 
cord, and conduct the motor *^ impulses/' as we call them, from the 
motor mechanism of the couvolutions to the motor mechanism of the 
gray matter of the cord. Leaving the cortex, these fibres pass through 
the white substance of the hemisphere, converging to the ^^ internal cap- 
sule,'' which, as you know, lies between the lenticular nucleus (or extra- 
ventricular part of the corpus striatum) on the outside, and the caudate 
nucleus, and optic thalamus, on the inside. Thence the fibres pass into 
the crus, through the anterior part of the pons, and constitute the ante- 
rior pjrramids of the medulla. Crossing for the most part in the decus- 
sation of the pjrramids, they continue down the cord, where we have 
seen them as the pyramidal tracts,* lateral and. anterior. This is a long 
course; the longest of any fibres of the central nervous system. It was 
formerly thought that this course was broken in the gray matter of the 
corpus striatum; but this seems to be an error. The cells of the corpus 
striatum have no direct relation to voluntary movement; the motor tract 
passes in an unbroken course from the cortex down to the gray matter 
from which the motor nerves directly proceed. 

Certain points in the arrangement of the fibres must be noticed. 
They do not constitute the whole of the internal capsule. In horizontal 
section (Fig. 5) this capsule seems to consist of two oblique parts, which 
join at an angle; the anterior segment, or " limb,'' as it is termed, lies 
outside the body of the caudate nucleus, the posterior outside the optic 
thalamus, and the angle or *' elbow" (the "Knie" of the Germans) lies 
between the thalamus behind, and body of the caudate nucleus in front. 
The motor fibres occupy only the elbow and the anterior two-thirds of 
the posterior segment. The posterior third of this, as we shall see, con- 
tains sensory- fibres, and the anterior segment contains fibres of uncertain 
function, which pass down from the frontal lobe to the cerebellum. We 
shall return to these in a subsequent lecture. The fibres from each 
limb-centre in the cortex keep together in the internal capsule, but the 
several groups exchange their vertical relation for one that is antero- 
posterior (Fig. 6); the fibres for the face, and probably for the tongue, 
occupy the elbow of the capsule, then come the fibres for the arm. 



1 ** Diagnosis of Diseases of the Spinal Cord," 8d Ed., p. 10. 
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and^ most posterior^ next to the sensory fibres^ come the fibres for the 
leg. 

Prom the internal capsule the fibres descend into the crus, lying in 
the anterior or lower division (crusta), and occupying the middle two- 
fifths of this region, but separated by some other fibres from the locus 
niger above them. To their inner side lie the fibres that formed the an- 
terior limb of the internal capsule, and to their outer side is another 
bundle of fibres, of which I shall have more to say. The relative 
arrangement, which was vertical in the cortex, and antero-posterior in 
the capsule, here becomes transverse (see Fig. 6), the fibres for the face 
lying to the inner side, and those for the leg to the outer side, of the 
fibres for the arm. The fibres for the tongue probably lie close to those 
for the face. The latter two sets of fibres leave the others in the pons, 
and cross the middle line to the nuclei from which the facial and hypo- 
glossal nerves proceed. 

We know much less of the sensory path. Even in the spinal cord it 
is uncertain. The older theory (of Brown-S6quard), that sensation is 
chiefly conducted in the gray matter, is not disproved, but there is reason 
to belike that some sensation is conducted by the fibres of the lateral 
column in front of the pyramidal tract, and by fibres of the posterior 
columns. In the medulla and pons the path probably passes up in the 
posterior half, above the " fillet,^' perhaps chiefly in the curious net- 
work of fibres called the "reticular formation.^' It has been conjec- 
tured that some sensation may be conducted through the cerebellum; 
but this seems, on the whole, improbable. The path passes up beneath 
the corpora quadrigemina, through the tegmentum of the cms above the 
locus niger, and enters the internal capsule, where we are able exactly to 
determine its position. It occupies, as I have already told you, the pos- 
terior third of the hinder limb of the capsule. These fibres were once 
thought to be the same as those which, in the crus, occupy the outer 
fifth of the crusta; but Flechsig has shown that this is an error. These 
outer crustal fibres radiate into the white substance of the occipital and 
temporo-sphenoidal lobes, and connect those lobes with the cerebellum. 
As these fibres leave the crus, their place is taken by sensory fibres from 
the tegmentum, which thus form the posterior part of the internal cap- 
sule. Hence you will perceive how uncertain is our knowledge of the 
greater part of the course of the sensory path. Between the posterior 
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roots of the spinal nerves and the internal capsule we have no definite 
facts regarding its poeitiou. We know only thiit it crosses the middle 
line in the spina! cord, not far above the level at which the nerves enter, 
and that it passes np the pons on the same side as that which it occu- 
pied in the cord. In the upper part of the pons the path from the fifth 
nerve — from the face, etc. — joins it, so that the posterior part of the in- 
ternal capsule conducts sensation from the whole of the opposite half of 
the hody and head, skin and mucous membranes, as far as the middle 
line. Moreover, the facts of pathology show that the path of cutaneous 
sensibility is here contiguous to the path of special sensibility from the 
organs of special sense — of taste, hearing, smelling, vision — which receive 
sensory impressions from the opposite side. Hence Charcot has termed 
this region the " sensory eroasway." I say "from the opposite side," 
rather than "from the nerve of the opposite «ide," because in the case 
of vision, the impressions that pass by this sensory region are those 
which come from the half of each field of vision corresponding to the 
side from which the other sensory impressions come. We shall have 
presently to consider this point more fully. 

Tlie ultimate destination of the sensory path is still to a large extent 
uncertain. Some fibres enter the optic thalamus, hut their function ia 
unknown, as there is not at present any evidence to show that imprea* 
sions which influence consciousness paB=! through the tlialamus, except^ 
perhaps, in the case of visual impressions. The sensory fibres pass into 
the white substance of the hemisphere, and go towards the parietal and 
central ("motor") region; roughly speaking, towards that part of the 
cortex that lies under the parietal bone (Plechsig). We have already 
seen that disease of the motor cortex often causes impairment of tactile 
sensibility; and that when convulsions are caused by disease of this part 
of the surface, they often begin with a sensory aura. Thus clinical 
dence, as well as the facts of anatomy, points to the outer part of the 
hemisphere in the middle region as being the part concerned in sensar" 
tion. A case which has been recorded byDemange,' shows that the in- 
dication is correct, and places the conclusion beyond doubt. Tiiis caae 
is so important that I must mention its leading facts : A woman, aged 
72, after suffering for two weeks from tingling and numbness ia the left 
arm and leg, was found to have almost complete loss of sensation of 
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touch, pain, and temperature in the whole of the left side, face, and 
limbs; with amblyopia and loss of color-vision in the left eye. (We will 
consider subsequently the significance of this loss of sight.) The mu- 
cous membranes were not then anaesthetic, but a fortnight later were 
found to have lost sensibility, and the cutaneous anaesthesia was com- 
plete up to the middle line. Smell and taste were also lost on the left 
side, and the impairment of vision was greater. There was also consid- 
erable weakness in the left limbs; this gradually increased, and involved 
the face and the tongue. These symptoms continued until death, six 
months after the onset. An extensive area of softening was found, in- 
volving a large part of the outer surface of the right hemisphere and 
subjacent white substance; the inner surface of the hemisphere, central 
ganglia, and internal capsule were unaffected. The precise area of cor- 
tical damage was — Slower two-thirds of the ascending frontal and ascend- 
ing parietal, with the posterior extremities of the middle and lower 
frontal; island of Eeil, inferior parietal lobule, superior parietal lobule 
adjacent to the intraparietal sulcus, the angular gyrus, and the 
whole of the occipital and temporo-sphenoidal lobes on the outer sur- 
face. The softening of the inferior parietal and angular convolutions 
seemed of rather older date than that elsewhere. 

This case affords a crucial demonstration of the correctness of the 
indications afforded by the anatomical researches of Flechsig. We shall 
have to return to it again when we consider the central relations of 
vision. 
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MEDICAL ANATOMY OF THE BRAIN (Continued) : NERVES OF 
SPECIAL SENSE-OTHER CRANIAL NERVES. 

Gentlemen, — In our survey of those points in the anatomy of the 
brain that are of chief medical importance, it may perhaps be most con- 
venient to study next the central relations of the cranial nerves. We 
will consider first, however, those nerves that subserve the special 
senses, and will begin with that which is most difficult, of which we 
have most knowledge, and yet (perhaps therefore) see most clearly how 
imperfect our knowledge is — ^the nerve of sight. At the optic chiasma 
these nerves undergo a partial decussation, rather more than half the 
fibres crossing. Fifteen years ago this semi-decussation was regarded as 
satisfactorily proved; but in this questioning age few doctrines seem 
unassailable, and it has been maintained that there is a total decussa- 
tion. The result of the discussion that has taken place is to show that 
the old doctrine is correct, and to place it upon a firmer basis. In some 
animals there is a total decussation; but this occurs in those creatures 
in which the eyes are so placed that they never act together, and in 
which the fields of vision are entirely separate. In proportion as the 
two eyes are used together, and the fields of vision correspond, the fibres 
cross, so as to bring the corresponding regions of each retina into rela- 
tion with one cerebral hemisphere. In man the inner half of each field 
of vision is smaller than the outer half, because it is limited by the pro- 
jecting nose. Although the two halves of the retina are of equal size, 
the sensitiveness of the outer, temporal half (which receives rays from 
the inner, nasal half of the field of vision) does not extend so far 
towards the front as does that of the inner, nasal half. This is shown 
by examining the field — first when the eye is directed forwards; sec- 
ondly, when it is directed outwards. The limit of the nasal half 'of the 
field is nearly the same in each case, although when the eye is directed 
outwards, the nose no longer cuts off the rays. Doubtless the structure 
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of the retina corresponds to this; its temporal half contains fewer nerve- 
elements than does the nasal half, and from this half fewer nerve-fibres 
proceed. The fibres that decussate are those from the nasal half of each 
retina, and hence the fibres that cross are more nnmerous than those 
that do not cross. If the fibres from the whole of one retina have de- 
generated, the opposite optic tract shrinks in size more thgn the optic 




FlO. 7.— DiAORAK OF THE RELATION OF THE FlELD OF VISION, ReTINA, AND OpTIO TrAOT ON 

EACH SIDE. 

R F, L F, right and left fields— the asterisk is at the fixing point; R R, L R, right and left retina 
—the asterisk is at the macula lutea; Z.A, r.A, left half and right half of each retina, receiving rays 
from the opposite half of the field; R N, L N, right and left optic nerves; Ch^ chiasma; R T, L T, 
right and left optic tracts; below, the halves of the fields from which impressions pass by each 
optic tract are superimposed. 

tract on the same side. Disease of one optic tract, right or left, there- 
fore, arrests the conduction from the same-named half of each retina, 
and causes loss of vision in the opposite half of each field — " hemiopia," 

or " hemianopsia, '^ as it is termed. (Fig. 8.) 
2 
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The diy b on between the two half-fields is UBiially in, or very nearj 
the vertical line passing througli the fixing point (corresponding to th9 
macula lutea of the retina). Sometimes it passes through the fixing 
point; more often it 1 verges and puBses round the fixing point, a little 
distance from t to retnm again to the middle line, and this whichevep; 
side is blind- The balance of evidence at present collected seems 
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show that this difference does not depend on the seat of the disease 
causing the hemiopia; and it can therefore only be explained by indi- 
vidual differences in the decussation. In many individnalB, it would 
Beem, fibres from a small area around the centre of the macula pass by 
each optic tract; while in some persons, each tract contains fibres from 
only one-half of tlie macula region, as it does from the rest of the 




retina. Another form of variation seems to show also that there are 
considerable differences in the character of the decussation. Above and 
below the fixing point, the line of division is also often irregular, 
sometimes, for instance, sloping off to one side above, and to the other 
side below, the two fields corresponding closely. In an extreme exam- 
ple of this, such as is shown in Fig. 9, the division becomes irregularly 
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oblique instead of vertical. It is impossible to explain this, except on 
the tlieory of variations in the decuesation. Some facts suggest that 
there are similar variations in some other decussations in the nervous 
system, especially in that of the sensory tract from the skin. 

The visual path passes in the optic tract, by the corpora geniculata, 
through the white substance of the hemispheres, to the cortex of the 
occipital lobe on the outer surface. If it is destroyed anywhere in this 
course, the result is hemiopia of the same character. Disease of the 
cortex of the occipital lobe has a lilte efEect. There is no complemen- 
tary decussation at the corpora quadrigemina, as has been fancied. 
Whether the fibres from the tract to the cortex are interrupted by gray 
matter, or are continuous, we do not know. Fibres from the tract en- 
ter the external corpus genicnlatam, the optic thalamus, the corpora 
<|uadrigemina. Fibres from these pass into the white substance of the 
hemisphere, and the gray matter of these bodies may be interposed in 
the optic path. It is probable, however, that the fibres that enter the 
corpora-quadrigemina substance only guide the movements of the eye- 
ball. On the other hand, some fibres from the tract pass directly into 
the hemisphere, and these may continue the visual path, or part of it, 
directly to the cortex. 

The experiments of Munk lead him to believe that in dogs the ante- 
rior half of the half-vision centre of the occipital lobe subserves the up- 
per quarter of the retina (and therefore the lower quadrant of the field); 
and the posterior half of the centre subserves the lower quarter of the retina 
(and therefore the upper quadrant of the field). The frequency of partial 
hemiopia in man, e. g., the loss of a lower or upper quadrant, makes it 
certain that there must be an arrangement of the fibres and a central 
representation on a system similar to that in the dog, although whether 
the correspondence holds good in the details of the plan we do not yet 
know. 

But the central relations of vision are still more complex. The sub- 
jects of that strange disease, hysteria, sometimes suffer from hemianffis- 
theaia and loss of the special senses on the antesthetlc side, together with 
— not hemiopia — but what is termed " crossed amblyopia," dimness of 
eight of the eye on the ansesthetic side, peripheral constriction of the 
field of vision, and often loss of color-vision. There is usually also a far 
alighter hmitation of the field of the other eye. The curious symptoms 
!tA hysteria probably depend on some morbid action in high cortical cen- 
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tres. They may teach ne much of the functions of the hrain, much of 
the asscMiiation of its elements on which those functiona depend; al- 
though they furnish no indication of the coarser anatomical relations. 
The occurrence of this amblyopiii shows thali there must be a functional 
centre, capable of being inhibited, in which is represented chiefly the 
whole field of one eye, not the half-fields of both eyes. It does not, 
however, show that this field is situated in one hemisphere, since the half- 
vision centres in the two hemispheres might be so connected as to be 
susceptible of anoh combined partial inhibition as would produce the 
symptoms. But the experiments of Ferrier have shown that lesions 
of the angular gyrus in animals will cause dimness of sight of the oppo- 
site eye, which rapidly passes away. In rare cases in man, in which, 
there is certainly organic disease, similar crossed amblyopia has been, 
observed. I have seen a few instances of this, and several others have 
been recorded. Moreover, the case 1 have quoted (page 14) is proof 
that such amblyopia may result from disease of the outer surface of the 
hemisphere. It will be noted that in this case the lesion involved the 
occipital lobe, and should have caused, therefore, hemiopia also, recog' 
nizable in the eye on the side of the lesion.' But the pathological ap- 
pearances suggested that the disease of the occipital lobe was later than 
that of the angular gyrus; and such hemiopia might well have escaped 
detection during the later stages of the patient's illness. The original 
report of the case gives no indication that it was sought for. 

Hence it is in a high degree probable that (as Ferrier has suggested) 
in or near the angular gyms there exists a visual centre, higher than, 
the half-vision centre, in which the whole of the opposite field is repre- 
sented. For this relation there must be a connection between this cen- 
tre on one side and both occipital lobes, that with the opposite occipital 
lobe being probably by means of the fibres of the corpus callosum. In- 
deed, the arrangement is probably even more complex. The crossed 
amblyopia is accompanied by a much slighter restriction of the field of 
the other eye, i.e., on the same side as the lesion. Hence, in each higher 
visual centre both fields must be represented, that of the opposite eye, 
however, far more extensively than that of the eye on the same side. 






I have recorded in "Medical Ophthalmoscopy" (2J Eii., Giae 30, p. 311) a 

which total blindness of the left eye, witli left hemiopia in the right, ao- 

Lpanied left hemiplegia — all due, no doubt, to an extensive lesion of the right 
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Another difference maybe traced between this and the half-vision centra. 
A permanent lesion of the latter causes permanent hemiopia; bnt the 
crossed amblyopia soon lessens, and before long becomes slight. This is 
probably by the Bubstitntionary action of the centre of the opposite 
hemisphere, since in each, as we have seen, both, fields are represented. 
Lastly, a lesion of the higher centra, whatever its exact seat or nature, 
seeme always to cause the same form of impairment (amblyopia, restricted 
fields, loss of color-vision), which differs in degree, but not in form. A 
partial lesion seems to lower the function as a whole — an indication that 
the function is diffuse, — and this is probably a cliaracteristic of all the 
higher cortical centres. 

Our knowledge of the central relations of the olfactory nerve is 
much leas extensive. The only indication afforded by ezperiment is 
that there is a cortical centre for smell at the antei-ior extremity of the 
■uncinate gyrus on the inner surface of the hemisphere (Ferrier). To- 
wards this some of the fibres of the olfactory nerve seem to pass directly. 
Moreover, disease adjacent to these fibres has caused loss of smell 
on the same side as the lesion. On the other hand, disease involving 
the " sensory crossway " has impaired smell on the side opposite to the 
lesion. Hence, it seems probable that the olfactory path passes first to 
a cortical centre in the same hemisphere, and thence to the other hemi- 
sphere, although where it crosses, and what is its ultimate cortical des- 
tination, we do not know, except that the latter is on the outer surface 
of the hemisphere. This is shown by the case described on p. 14. 

The auditory nerves pass to nuclei situated at the junction of the 
pons and medulla oblongata. Their exact position we shall consider 
presently. They have an extensive connection with the cerebellum, to 
which, indeed, some fibres of the auditory nerves seem to pass directly. 
You doubtless remember that one part of the auditory nerve (from 
the semicircular canals) has nothing to do with hearing, but conveys 
information, as to the position of the body, to the centre for equilibra- 
tion, probably situated in the cerebellum. The auditory path to the 
hemispheres probably passes up the pons, crossing early, and, in thecrus, 
occupies the superior portion of the tegmentum. Some have thought 
that it does not pass up the pons; but passes through the cerebellum; 
but this is, on the whole, improbable. Its course in the cerebrum la by 



on 

^^^^ isol 

^^ edl 



32 LBOToaK n. ^1 

the '■* eenaory crosaway," through the white aubatance, to the first temporaS 
sphenoidal convolution, which all evidence shows to be the cortical cen- 
tre for hearing, each centre receiving impreseiona from the auditory nerve 
on the opposite side. 

I Of the path of taste, we know only that it passes by the sensoiy 
MTOssway; of its cortical centre we know nothing. Strangely enough, 
KjBven the nerve of taste is still somewhat uncertain. It is commonly 
B«npposed that the glosso-pharyngeal is the nerve of taste of the back of 
Rthe tongue, and that the chorda tynipani of the facial, wliich is certainly 
Ktiie nerve of taste for the front of tiie tongue (and probably comes from 
Pthe fifth by the Vidian nerve, that passes from the spheno- palatine 
ganglion to the facial), may ultimately be derived also from the glosso- 
pharyngeal. But 1 believe that it will be found that taste- impressions 
reach the brain solely by the roots of the fifth nerve, and that the doc- 
trine that the roots of the glosso-pharj^ngeal nerve have anything to 
do with taste is a curious physiological myth, due to too wide an 
induction from certain anatomical facta, and from dubious experiments 
on animals. Some time ago ' I published a case in which there was an 
isolated palsy of one fifth nerve, motor and sensory portions, due eer- 
anly to disease of the root at the surface of the pons, in which taste 
'as entirety lost on that side, not only at the front of the tongue, but 
'.also at the back, on the soft palate, and on the palatine arches^lost to 
revery form of stimulation, whether by sapid substances or by the voltaic 
current. The symptoms in this case are permanent, and I have repeat- 
edly demonstrated the loss to those who have attended my practice at 
the Qoeen Square Hospital. Since the publication of that ease I have met 
with only two other cases in which there was intracranial disease of the 
fifth without evidence of any interference with the nerves of the medulla, 
and in each of these there was the same absolute loss, at the back as well 
as at the front, demonstrable with ease, and most striking by comparison 
with the other side. It is possible that the nerve-fibres for taste on the 
back of the tongue may be distributed with tJie glosso-pharyngeal, 
reaching them from the otic ganglion of the fifth by the small petrosal 
and tympanic plexus. This explains the j-emarkable fact, pointed 
(Oat by Urban tschitsch, and which I have several times observed, that 
teste may be lost on the back as well as the front of the tongue, in con- 

' "Journalof Physiology," vol. ili., p. S29. 
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sequence of caries of the walla of the tympannm. This course seems, I 
confess, strangely circuitous, hut it is scarcely more circuitous than that 
which is certainly taken by the taste-fibres of the frout of the tongue. 
If this arrangement is iiltimately proved beyond question, it will be of 
much interest, as bringing the sense of taste into the functions of one 
nerve, and that one the nerve that is bo intimately aeaociated with the 
other special senses of smell, sight, and hearing. 

We may conveniently consider next the arrangement of the nuclei 
from which the other cranial nerves arise. These are situated in the 
gray matter that surrounds the highest part of the centra! canal of the 
spinal cord, the continuation of this canal between the fourth and third 
ventricles, and that which lies beneath the floor of the fourth ventricle. 
The nuclei are columns of nerve-cells, small in transverse section, but 
prolonged in the direction of the axis of the medulla. (See Fig. 10.) 
The upper part of the hypoglossal nucleus lies close to the middle line in 
the point of the calamus scriptorius ; lower down it lies on each side of 
the middle line in front of the central canal. In corresponding position 
behind the canal is the column of cells of the vago-accessorial nucleus. 
In the calamus tliis lies outside the hypoglossal, and gives origin to the 
pneumogastric ; while below, part of the spinal accessory springs from 
it. The spinal part of the accessory consists only of spinal fibres that 
rise into a temporary companionship with a higher nerve, but have the 
same origin, and subside to the same distribution, as the other spinal 
nerves of the same level. Note, however, the proximity of the nuclei 
of the hypoglossal and accessory nerves; both supply muscles that act 
together in articulation. Moreover, the muscle that raises the palate 
and shuts off the posterior nares in articulation is certainly supplied 
from one of the nerves of the medulla, probably from either the glosso- 
pharyngeal or tlie spinal accessory. All these three parts — ^tongue, 
palate and vocal cord — are paralyzed together from disease at the surface 
of the medulla, damaging the roots of the nerves. All these parts are 
paralyzed together in degeneration of these nuclei, with the addition also 
of the lips, constituting the chronic form of " labio-glosao-laryn- 
geal paralysis," or "bulbar paralysis," Why the lips are also affected 
we shall see presently. The pneumogastric nucleus in the floor of the 
ventricle corresponds nearly in position to the respiratory centre, and 
no doubt also to the cardiac centre. Its upper and outer limits are not 
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definable, since it blends with a more diffnse area of delicate gray matter 
that extends as far as the auditory nnclena. Outside, and rather in 
front of the npper part of the pnenmogastric naclens, is the small col- 
umn of nerve-cells from which the glosso-pharyngeal nerve arises. 

The auditory nucleus is situated at the level of the auditory striffi, and 
chiefly in the outer part of the floor of the ventricle, just over the com- 
mencoment of the inferior cerebellar peduncle, but it ertends inwards 
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almost to the middle line. It is a double nucleus, consisting of inner 
and outer parts. Fibres are said to pass from it to the cerebellum, and 
some fibres of the nerve seem to turn aside, and joining those of the 
restiform body, pass directly to the cerebellum by its inferior peduncle. 
The significance of this connection with the cerebellum has been already 
mentioned. 

AboTe the auditory strise, under a prominence on the eminen'tia teres, 
close to the middle line, is the nucleus of the sixth nerve. It was once 
thought to be the common nucleus of the sixth and facial, — a strange 
combination, since these nerves have no functional association. The 
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facial nerve ascends to tMa nuclens, forms a loop round it (some fibres, I 
indeed, go through it), and then passes downwards, forwards, and out- I 
wanis, to a column of colla more deeply placed in the medulla than any I 
other nucleus in the lower part, A rare case, in which there was total I 
palsy of all the ocular nerves, and no paralysis of the facial, afforded me I 
an opportunity of proving beyond doubt that the facial nerve has no | 
real origin from the nucleus of the sixth, All the cells of this nucleus I 
were degenerated, but the fibres of the facial were perfectly healthy, and ] 
could be traced unchanged through the nucleus. The cells of the true | 
facial nucleus cannot he traced far below the level of the auditory striK, | 
but it is probable that some fibres of the facial nerve, those that inner- ] 
vate the orbicularis oris, descend to the level of the hypoglossal nucleus, j 
and may even arise from this nucleus. The transverse muscle of the J 
tongue and the orbicularis act together. Neither can contract or relaz 1 
without the other. Try, yourselves, gentlemen, when you are alone 1 
with a looking-glass, and you will find that this is true. Both, more- I 
over, suffer together in degeneration of the nuclei, while the other I 
parts of the facial nerve escape. I 

The chief nucleus of the fifth nerve lies above the sixth, and at the I 
outer part of the floor of the ventricle. The fibres of the nerve pass I 
backwards and slightly inwards, and end in a sensory nucleus on the 1 
outer, and the motor nucleus on the inner side. This is, however, but 1 
one part of the sensory nucleus. Some fibres pass down the medulla, 1 
and can be traced as low as the commencement of the spinal cord. They I 
have gray matter on their outer side, in which they probably end. No | 
doubt these fibres bring sensory impressions from the tongue, etc., into ] 
relation with the motor nuclei for these parts. Moreover, the distribu- I 
tion of the fifth nerve to the skin joins that of the cerviJal nerves, both I 
on the face and back of the liead. and the continuity of the cutaneous I 
distribution is no doubt subserved by a continuity of the gray matter, in 1 
which the lower root arises, with that from which the cervical nerves I 
arise. Another group of fibres of the fifth passes up beneath tiie cor- ] 
pora quadrigemina, no doubt subserving the intimate connection be- j 
tween the fifth nerve and the organ of vision, of which so obtrusive an | 
instance is presented in the photophobia of coojunctivitis. i 

The third nerve, entering the inner side of the cms, passes back to a j 
column of nerve-cells beneath the aqueduct of Sylvius, not far from tho I 
middle line. The combined teaching of experiment (especially of Heii- J 
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sen and Yoelcker) and of clinical observation shows that there are three 
centres in this column of nerve-cells^ distinct at least in function and in 
pathological liability. The most forward of these is the centre for the 
ciliary muscle (accommodation); the second is the centre for the light 
reflex of the iris; the third, which occupies the greater part of the nu- 
cleus, is the centre for the external muscles supplied by the third 
nerve. 

The fourth nerves difl!er in two respects from any other of the cranial 
nerves. First, they arise above the fourth ventricle, their origin being 
from the valve of Vieussens, but they curve round the lower part of the 
aqueduct of Sylvius to a column of nerve-cells that is really the lowest 
part of the third nerve nucleus. Secondly, alone of all the cranial 
nerves, the fourth nerves decussate between the surface attachment and 
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the nucleus. But the whole of the fibres do not come from this 
nucleus. Some descend the pons, and probably arise from the nu- 
cleus of the sixth nerve. Indeed, there seems to be an extensive con- 
nection, by large nerve-fibres, the ^^ posterior horizontal fibres, '^ between 
the three nuclei for the nerves of the external ocular muscles (Flechsig). 
It is possible that some of these are fibres of the nerves which really 
pass by their proper nucleus, and arise from one of the other nuclei, and 
the visible decussation of the fibres of the fourth nerve may be the indica- 
tion of an extensive decussation of these connecting fibres. Thus we can 
understand how the apparently simple arrangement of the nuclei, and 
their apparently strange separation in three distinct groups of nerve- 
cells, may cover an extensive and complex structural association, whereby 
one nucleus may give origin to fibres that run in several nerves, and the 
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various nuclei may be blended into what is practically a series of centres 
very different from their apparent form. Thus, too, we can understand 
how these nuclei may govern the complex movements of the eyes, in 
which many muscles of both sides act together in the most perfect syn- 
chronism and exact gradation of effect. 

The third, sixth, and hypoglossal nerves arise at the surface, near 
the middle line, and pass back to their nuclei between the middle line 
and the motor pyramidal tracts. The spinal accessory, pneumogastric, 
glosso-pharyngeal, and facial nerves arise on the surface at the outer part 
of the medulla, on the outer side of the pyramida.1 tracts, and pass in- 
wards and backwards to their nuclei. The nuclei of the auditory nerve 
lie almost immediately above its origin, and one part of the nerve passes 
directly back to it, while the i)ther curves round And above the outer 
nucleus to reach the inner nucleus. 

From all these nuclei, paths, as yet only partially traced, ascend to 
the cerebral hemisphere. They certainly cross the middle line not far 
above the nuclei. The paths, motor and sensory, probably join, or at 
least run close to, the motor and sensory paths from the limbs. This, 
as we have seen, is certainly the case with the motor path of the 
face. 

After leaving the brain, the nerves have a short course before enter- 
ing the dura mater. Most arise in the posterior fossa. The nerves to 
the orbit and the fifth nerve leave the skull in the middle fossa, but as 
they leave the posterior fossa they pass into the dura mater. Eemember 
that the sixth nerve has by far the longest course before it enters the 
dura mater, from the posterior border of the pons to near its anterior 
border, and that before it enters the wall of the cavernous sinus it passes 
very near the fifth nerve. Eemember also that in its course over the 
convexity of the pons it readily suffers from pressure, if there is any 
cause of pressure beneath the tentorium. For this reason, paralysis 
of both sixth nerves is a very common symptom in disease of this 
region. 



LEOTUEE III. 

MEDICAL ANATOMY OF THE BRAIN (Continued): CONNECTION OF 
CEREBRUM AND CEREBELLUM-BASAL GANGLIA— CEREBELLUM 
—BLOOD-VESSELS OF THE BRAIN. 

• 

Gentlemen, — We must now return to some points that we passed 
over in considering the anatomy of the cerebrum. What is the course 
of the fibres that constitute the anterior limb of the internal capsule, 
lying between the body of the caudate nucleus and the lenticular uut 
cleus ? They pass, on the one hand, to the cortex of the prefrontal lobe, 
i.e.y the frontal lobe in front of the ascending frontal convolution. On 
the other hand, they descend into the crus, and dccupy the inner 
(medial) portion of the crusta, lying to the medial side of the pyramidal 
tract. They descend to the pons, and there seem to end in the gray 
matter which is so abundantly scattered among the white fibres, longi- 
tudinal and transverse, of the anterior region of the pons. It is, how- 
ever, probable that other fibres, proceeding from this gray matter to the 
cerebellum, continue the path to the cerebellar hemisphere, especially to 
the lateral and posterior regions. Thus this tract consists of fronto- 
cerebellar fibres. They degenerate downwards, and therefore probably 
conduct downwards; but this degeneration only extends to the pons, 
being arrested, as secondary degeneration always is, by the gray matter 
that interrupts their course. When the cerebellum is congenitally ab- 
sent these fibres are also absent (Flechsig). It is probable that this 
connection is a crossed one, the frontal lobe on one side being connected 
with the cerebellar hemisphere of the opposite side. 

I told you that the outer fibres of the crusta of the crus cerebri, the 
fibres that lie outside those of the pyramidal tract, do not pass up into 
the internal capsule, but radiate into the occipital and temporal lobes of 
the brain, passing from the crus, partly beneath the posterior extremity 
of the lenticular nucleus, partly between it and the external corpus 
geniculatum. These fibres connect these lobes with the cerebellum 
in the same way as the fibres of the inner part of the crus connect the 
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frontal lobe with the cerebellum. Their eonnectioQ Ib chieSy with the 
upper surface of the cerebellum, near the middle lobe, and it is probably 
also crossed. These fibres do not degenerate downwards, and therefore 
probably conduct upwards. They are also absent when there is no cere- 
bellum. 

The small bundles of fibres that lie behind, or rather above, the 
pyramidal tract in the crusta, between it and the substantia nigra {Fig. 
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6), consist of fibres that descend from the corpus striatum, caudate 
nucleus, and outer part of the lenticular nucleus, and, reaching the 
pons, probably connect those parts with the cerebellum in the same way 
as the other tracts connect with it the cortez. 

This extensire connection of the cortex with the hemispheres of the 
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cerebellum is a fact of extreme interest, because the parts of the convo- 
lutions thus connected are those in which there is the least definite 
localization of motor and sensory function. In the prefrontal lobe of 
the human brain there is at present no evidence of motor function. In 
the temporal lobe we have only the auditory centre in the first convolu- 
tion. In the occipital lobe we have only the visual centre, which, 
although not yet accurately defined, probably occupies only a part of it. 
In these portions of the brain a lesion may exist, and cause neither 
motor nor sensory symptoms; their function is more diffuse, so to speak, 
and thus capable of supplementary substitution. It is here that we 
must look for the processes concerned in the higher intellectual opera- 
tions. These parts, whatever other connection they may have, seem to 
be connected with each other through the cerebellar hemisphere by the 
downward path from the frontal and the upward path to the temporal 
and occipital lobes. This very curious fact revives the old idea that the 
cerebellum is, in some way, concerned in intellectual processes — an idea 
suggested by the proportion that the cerebellar hemispheres bear to 
intellect as we ascend the scale of animals. Moreover, the cerebellar 
hemisphere has this in common with the parts of the cerebral cortex 
with which it is connected, that a lesion may exist in it without motor 
or sensory symptoms. 



You may have observed with surprise that I have said nothing about 
the great central ganglia of the brain, which were formerly supposed to 
have such important connections with the motor and sensory tracts. It 
is probable that some of them have a connection with motor centres, but 
it is certain that their relations are very different in nature from those 
formerly attributed to them. 

The optic thalamus receives fibres from below that come from the 
tegmentum of the cms, and probably these are derived from the upward 
sensory path from the spinal cord. It also receives fibres from the 
superior peduncle of the cerebellum; perhaps also from the optic nerves. 
Prom it fibres radiate to all parts of the cerebral cortex. Some go to 
the lenticular nucleus; but we do not know whether they end in it, or 
pass through it to the convolutions. Nevertheless, it does not seem to 
be in the path of those common sensations that affect consciousness. 
These pass, as we have seen, outside the hinder part of the thalamus, in 
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the posterior third of the internal capsule. They are close to the J 
thalamus, its lesions often involve them, but when they are unaiEected 
there is no loss of sensation. It is highly probable, however, that 
the thalamus is concerned with some of the higher reflex processes. 

The gray masses of the corpus striatum, on the other hand, seem to 
have no connection with the cortex. The caudate nucleus is connected 
with the cerebellum, aa we have seen, by fibres that enter the internal 
capsule, either directly, or after passing through the lenticular nucleus, 
and lie in the crua close to the locus niger, reaching the cerebellum by 
the middle peduncles, after interruption by gray matter in the pons. 
No fibres from the caudate nucleus seem to join the pyramidal motor 
path. The lenticular nucleus, like the optic thalamus, receives fibres j 
{chiefly collected into the "lenticular loop ") from the tegmentum and j 
from the opposite superior cerebellar peduncle. Thus both parts of the I 
corpus striatum have an extensive connection with the cerebellum of 
the opposite side, and the descending fibres from the caudate nucleus 
degenerate (and therefore conduct) downwards, while those from the J 
cerebellum to the lenticular nucleus probably conduct upwards. Thus 1 
this connection presents considerable analogy to that between the cortex 
and the cerebellum. In congenital absence of the cerebellum the cor- 
pus striatum is reduced to a third of its ordinary size (Flechsig). It 
seems probable that the two parts of the corpus striatum are central 
organs, analogous to the cortex itself. The analogy to those partsof the 
cortex that are connected with the cerebellum is rendered still greater 
by the fact that a lesion, even an extensive lesion, may exist in either , 
the caudate or lenticular nucleus, and so long as it does not interfere | 
with the functions of the motor or sensory parts of the internal capsule, 
it causes no symptoms. 

Although the middle lobe of the cerebellum is continuous with the 
hemispheres, and the peculiar foliated cortex has a similar structure in 
both parts, it is certain that there is an essential difference in their 
function. In the white substance of the middle lobe are several curious , 
nuclei of gray matter. As we descend the scale of animals the hemi- 
spheres become smaller, until the cerebellum, of birds, for instance, ' 
corresponds only to the middle lobe. The hemispheres may be diseased 
without recognizable symptoms, but this is not true of the middle lobe. 
The disease of this causes the peculiar unsteadiness of movement long , 
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known to be characteristic of cerebellar diseaae, and lately shown ( 

Kothnaget) to be chnmcteriBtio only of disease of the middle lobe. The 
reason why the latency of lesions in the hemispheres was so long unrec- 
ognized is because the common lesion is tumor, and this almost always 
presses on the middle lobe. We must thus regard the middle lobe of 
the cerebellum as in some way concerned with the maintenance of equi- 
librium, perhaps by combining the afEerent impressions, and arranging 
for harmonious centrifugal impulses. This view is supported not only 
by the effects of disease, but by the facta that certainly towards this 
lobe, and probably to it, fibres pass from the posterior columns of the 
cord, from the direct cerebellar tract (fibres from the lower trunk-mus- 
cles), and from the auditory nerve. Ferrier found that stimulation of 
the middle lobe caused movements of the eyes. Although we cannot 
conceive that centres for the voluntary movements of the eyes exist here, 
yet the eyeball muscles furnish important guidance to the centre that 
regulates the maintenance of equilibrium, and the centre for these mus- 
cles may thus be so related to the central lobe of the cerebellum, that 
ita stimulation may cause indirectly the contraction of these muscles. a 

No part of the brain has excited more interest and received mors '■ 
study than the olivary bodies of the medulla; varied functions have been 
in turn ascribed them, but these hypotheses, destitute of foundation, 
have successively sunk out of view, and we are still ignorant of the func- 
tion of these stmctures. Their connections are peculiar. The bodies 
resemble closely the dentate nuclei of the cerebellum; and the resem- 
blance is certainly not accidental, for the two structures are connected 
by fibres, and atrophy together. Each olivary body receives fibres from 
the posterior columns of the cord on the opposite side, and is connected 
with the dentate nucleus, also of the opposite side. From each dentate 
nucleus fibres pass to the superior cerebellar peduncle and tegmentum of 
the opposite cms. Thus the tegmentum of one crus cerebri may be con- 
nected with the olivary body of the same side through the opposite den- 
tate nucleus. 



A large number of cerebral lesions are produced by diseaae of the 
cerebral vessels, by their occlusion or their rupture. To understand 
many facta about these lesions, yon must know the arrangement of the 
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cerebral veHBels and the conditiona of the cerebral circulation. I will 
briefly mention to you the facts of chief importance. Those that con- 
cern the arterial system have been ascertained by the investigationa of 
Duret in Prance, and Ileubner In G-ermany. 

The blood-supply to the brain cornea from the carotid and vertebral 
arteries. The left carotid ariaea from the aorta nearly in the direction 
of the current of blood that courses through tlie aortic arch; while the 
right carotid conies from the innominate, and this ariaes from the uorta 
nearly at right angles to the current of blood. Hence solid particles are 
rather more readily carried into the left than into the right carotid — a 
circumstance that explains the somewhat greater frequency of embolism 
on the left side of the brain. There is a similar but still greater differ- 
ence ip the origin of the two vertebrals, and it is probably for this reason 
that the left vertebral is often larger than the right. This does not de- 
termine any difference in the frequency of vascular lesions in the part of 
the cerebrum supplied, because the blood brought by both vertebrals has 
to pass through the common basilar. The internal carotid, on each side, 
divides into a small anterior cerebral, and larger middle cerebral. The 
latter continues the direction of the internal carotid, and hence plugs 
carried from the heart readily pass into it. The "circle of Willis," yon 
will remember, is formed by these vessels, together with the anterior 
communicating artery, between the anterior cerebrals, and two posterior 
communicating (one on each side), Taetween the middle and posterior 
cerebrals. 

From the circle of Willis and the commencement of the three cere- 
bral arteries (anterior, middle, and posterior) small branches arise which 
supply the central ganglia and adjacent white substance of the hemi- 
sphere, while the three arteries ramify over the surface of the brain, and 
supply the gray cortex and the chief part of the white substance. Thus 
there are two systems of branches, central and cortical. Between these 
two systems there are no anastomoses. The central branches do not com- 
municate with each other, and hence obstruction of one causes necrosis 
of the region supplied, no collateral supply of blood being possible. The 
cortical branches vary in this respect in different individuals. In some 
persons there is enough communication between the cortical branches to 
maintain nutrition if one is obstructed; in other persons there is no com- ■ 
munication. Hence obstruction of the middle cerebral at its origin al- 
ways causes necrotic softening of the part of the central ganglia that it 
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BuppUsB, and sometimeB also softening of the cortex; while in other 
oases, with a similar obstruction, we may find that the cortex is intact, 
althongh the central ganglia are extensively damaged. 

The branches to the ganglia must engage our attention in further 
detail, since the pathological importance of these "central arteries" is 
Tcry great. They are divided into six groups, of which two are medial 
and email, and four (two on each side) are lateral and very important. 
The anterior medial group is given off by the anterior cerebrals and an- m 
terior communicating artery, and supply the anterior extremity of the % 
caudate nucleus. The posterior medial group cousists of twigs given 
off by the posterior cerebrals near their origin. Passing through the pos- 
terior perforated spot, they supply the inner part of the optic thalamus 
and the walla of the third ventricle. These two medial groups are in- 
significant in the extent of the brain supplied by them, but of some 
pathological importance, since hfemorrhage, from their rupture, is apt to 
burst into the ventricles. The lateral groups furnish the blood to the 
chief part of the central ganglia and the internal capsule. The anterior 
lateral group consists of numerous small arteries that arise from the mid- 
dle cerebral in the first inch of its course, pass through the anterior per- 
forated space, and supply the caudate nucleus (except its head), the len- 
ticular nucleus, internal capsule, aod part of the optic thalamus. Some 
pass through the inner part of the lenticular nucleus to the internal cap- 
sole; while others pass first outside the lenticular nucleus, and then 
through its outer portion to the capsule. They supply the caudate nu- 
cleus and optic thalamus after passing through. the capsule. These ves- 
Bels are prone to rupture, perhaps because their direct origin from a 
comparatively large vessel exposes them to a high blood -pressure. Hence 
the frequency of cerebral hsemorrhage in this situation. The arteries of 
the posterior lateral group arise from the posterior cerebral, and supply 
the hinder part of the optic thalamus. HEemorrhage from their rupture 
usually damages the posterior (sensory) part of the capsule, and often , 
extends into the cms. Branches from the posterior cerebral supply also I 
the cms and corpora quadrigemina. ^ 

Of the blood-supply to the cortex, that from the middle cerebral ia 
both the most extensive and the moat important, embracing, as it does, 
the central (motor) convolutions. The general arrangement of the 
branches of each artery is the same: each divides and ramifies, and from 
the branches, and the ultimate ramifications in the pia mater, twigs are 




35 ' 



given off to the cerebral sabstance— some short, that end in the gray 
cortex; others long, that paaa through the gray cortex to the white sub- 
stance, extending in it to various depths. The regions supplied by the 
several veseela are as follows: — The anterior cerebral, curving round the 
corpus callosuni, supplies, by three branches, part of the orbital lobule, 
and the inner surface of the hemisphere as far as the quadrate lobula 
(precuneus). It also supplies, on the outer surface, by branches that 
come over from the inner surface, the first and second frontal convoln- 
tions, and the highest part of the ascending frontal. The middle cere- 
bral, or " Sylvian artery," divides in the fissure of Sylvius, opposite the 
island of Eeil, into ■ four branches, which lie in the snlci of the insula, 
and then pass — the first to the inferior frontal convolution; the second 
to the ascending frontal, except the highest part, which is supplied by 
the anterior cerebral; the third to the whole of the ascending parietal, 
and the adjacent part of the inferior parietal lobule; the fourth to the 
convolutions about the posterior limb of the fissure of Sylvius, supra- 
marginal and angular, the hinder part of the superior parietal lobule, 
and the first temporal. From this vessel, near its origin, one or two 
large branches arise that supply the greater part of the second and third 
temporal convolutions. The posterior cerebral supplies the occipital 
lobe, and also the inferior aspect of the temporal lobe, by three branches, 
of which one goes to the lower part of the uncinate convolution, a second 
to the inferior part of the temporal lobe, and a third to the cuneus, lin- 
gual convolution, and the inner and outer surface of the occipital lobe. 
Thus the middle cerebral supplies the motor region, both central and 
cortical, except in part the leg-centre; it also supplies the part of the 
cortex that subserves cutaneous sensibility, the cortical auditory centre, 
and probably the higher visual centre; it supplies all the cortical regions 
concerned in speech-processes in the left hemisphere, motor, auditory, 
and visual. The anterior cerebral supplies only a small part of the 
motor region, viz,, the part of the leg-centre that occupies the para- 
central lobule and highest part of the ascending frontal. The posterior 
cerebral supplies the visual path, from the middle of the tract 
backwards, and the half-vision centre in the occipital lobe; it supplies 
also the corpora quadrigemina, and the sensory part of the internal cap- 



The pons and medulla receive small arteries from all the adjacent 
vessels, vertebrals, basilar, and cerebellar arteries. These branches are 
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in two setB— median, near the middle iine; and lateral or radicular, 
pass in at the side, near tlie chief nerve-roots. Both pass back to the 
nuclei near the floor of the fourth ventricle, but the chief blood-supply 
to these nuclei cornea from the median branches. Of the cerebellar 
arteries, the superior and inferior supply the corresponding regions of 
each hemisphere, and the upper surface is also supplied by a large branch 
from the basilar opposite the middle of the pons, the middle cerebellar 
artery. These arteries communicate freely, and hence necrotic softening 
of the cerebellum is rare. The branches to the medulla and pons do 
not communicate, and hence here necrotic softening ja common. 

The venous circulation of the brain presents several important pecu- 
liarities. The veins from the greater part of the eortes pass upwards to 
the longitudinal sinus, and open into this in a forward direction. This 
arrangement involves two very unusual conditions. Elsewhere, the 
blood from ascending arteries passes into descending veins, so that the 
feeble pressure that passes through the capillaries is supplemented by the 
influence of gravitation. Elsewhere, ascending veins convey blood that 
has been brought by descending arteries, and the venous flow is aided by 
the liquid pressure, which, according to the well-known law of hydro- 
statics, tends to make the blood rise in the veins. But on the brain, the 
blood from ascending arteries passes into ascending veins. The openings 
of these veins into the longitudinal sinus being directed forwards, the 
entering blood is opposed in direction to the current in the sinus, and 
the effect must be to retard the flow in both veins and sinus. Moreover, 
in the erect posture the anterior half of the longitudinal sinus has also 
an ascending course, while the trabecule that occupy the lumen of the 
sinus must offer some hindrance to the movement of the blood. These 
circumstances help us to iinderstand the readiness with which clots form 
in the cortical veins and longitudinal sinus, when other circumBtances 
favor the coagulation of the blood. Indeed, the marvel is that throm- 
bosis is not more common than it is. 

The veins of Galen, conveying blood from the ventricles to the straight 
sinus, pass above the corpora quadrigemina and middle lobe of the cere- 
bellum, and are readily compressed by tumors in this situation. The 
course of the veins at the base is not of much medical importance. The 
blood from the internal ear passes into the cavernous sinus, that from 

(e mastoid cells into the lateral sinus; and septic clots may thus extend 
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when thfire is caries of the temporal bone. Many sinuses receive veins 
from the diploe of the skull. 

There is very little communication between the individual veins of 
the surface^ and hence obstruction of one causes grave damage to the 
cerebral tissue. The sinuses, however, communicate freely, and 
there are certain communications between the intracranial veins 
and those outside the skull. The veins of the nose communicate 
with the anterior extremity of the superior longitudinal sinus, and 
hence epistaxis relieves venous congestion within the skull. The 
ophthalmic vein (going to the cavernous sinus) communicates with 
the facial, and hence pressure on the sinus causes little or no distention 
of the retinal veins, because the pressure is quickly relieved. The mas- 
toid veins effect a communication between the lateral sinus and the occip- 
ital veins. Moreover, many emissary veins paiSs through small fora- 
mina in the skull, and connect certain sinuses with external veins, the 
most important being between the longitudinal sinus and the veins of 
the scalp, and the inferior petrosal sinus and the deep veins in the neck. 
A further communication, variable in degree, is effected by the veins of 
the diploe. These communications are important, because they explain, 
first, the extension of morbid processes from the exterior to the interior 
of the skull, and secondly, the occasional occurrence of external tume- 
faction when intracranial sinuses are obstructed by thrombosis. 
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SYMPTOMS OF BRAIN DISEASE : MECHANISM OF THEIR PRODUC- 
TION—MOTOR PARALYSIS— HEmPLEGIA. 

G-ENTLEUBN, — Yon may remember that in describing to yon the 
principles of the diagnosis of diseases of the spinal cordj I insisted on the 
importance of keeping not only distinct, but separate in your mind, the 
two parts of the diagnosis — the seat of the disease and the nature of the 
disease — the former indicated by the symptoms present, the latter by the 
mode in which they came on. The distinction is equally important in 
the diagnosis of diseases of the brain; but the separation is not equally 
practicable. The symptoms themselves are iofluenceil by the nature of 
the disease to a far greater extent than in the case of diseases of the 
spinal cord. After we have ascertained the seat of the disease, we have 
to determine its nature, and then to consider how far the symptoms pres- 
ent are further explained by the character of the lesion. It is con- 
venient to follow the method adopted in the case of diseases of the spinal 
cord, and, having considered in the last lecture the most important facts 
at present ascertained regarding the structure and functions of the 
brain, to study nest the symptoms produced by its diseases, and after- 
wards the relation of the symptoms to the seat and nature of the mor- 
bid change. 

Before we study the several symptoms, it is well to know the various 
mechanisms by which they are produced — mechanisms common to many 
morbid processes. The first of these is by the destruction of cerebral 
tissue. The function of the part destroyed is necessarily lost, and the 
loss is permanent unless it can be compensated by the action of some 
other part of the brain. In some parts of the brain the function ia, as 
I have said, diffuse, and extensive compensation may occur. Although 
8 loss of tissue, however smalt, doubtless has its effect, the evidence of 
the loss may be scarcely appreciable unless the lesion is extensive. ^Tien 
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tion than by any special loss. This ia the case with those regions of the 
brain that are probably concerned with the higher intellectual proeesseB, 
as the prefrontal lobe. Some other functions are performed only by cer- 
tain stj'ucturea, and if these are destroyed, that f anction is permanently j 
lost. Between these two groups there is another, in which special func- 
tiona may not be permanently lost, even when the part fit the brain sub- 1 
serving them is destroyed, becacBe these functions are so related to both i 
bemispherea that the corresponding part of the unaffected hemisphere 
can supplement that which is destroyed, and act for It. If, however, 
this second centre ia also destroyed, the function ia entirely and per- 
manently lost. 

Secondly, aymptoma may depend on loss of function due to damage 
that falls short of destruction. The chief mechanisms of this damage J 
are compression and defective supply of arterial blood. In compresaioii 
both these mechanisms are combined; the pressure necessarily interferea ' 
with the flow of blood through the capillaries, and causes ansemia. 
Hence we do not know how far compreassion acta mechanically on the 
nerve-elements, and how far it acts by narrowing the vessels. A mod- 
erate compression of a nerve soon arrests conduction through it. If you 
compress your ulnar nerve behind the elbow, you soon cease to feel in 
the fingers supplied by it; but even here the compression must render 
the nerve anfemic, and we cannot infer that the effect on the fibres is 
simply mechanical. In tlie brain there is a curious fact regarding pres- 
sure which you aliould remember. Pressure ia very much more effective 
when it ia suddenly produced than when it is slowly produced. The I 
pressure of a cerebral hemorrhage causes symptoms {that we can cer- 
tainly refer to the pressure) of much greater intensity than does a tumor, 
although the latter may be of larger size. It is easier to explain this 
difference if we assume that pressure acts mechanically than if we sap- 
pose that it only causes symptoms by producing anemia. 

A diminished supply of arterial blood also causes lose of function. If 
the supply ia altogether cut off, the loss of function is imm.ediatB and 
absolute. This ia true of nerve-fibres as well as of nerve-cells. For a 
short time, perhaps a day, function may return if the blood-supply is 
restored; afterwards structural disintegration occurs, and the nerve-ele- 
ments perish. Remember that arterial hlood may be deficient when 
there is no absolute diminution in the amount of blood in the part. 
there is a hindrance to the return of blood by the veins, the over-filled 
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Teasels cannot receive blood from the arteries, and so the symptoms of 
mechanical congestion are to a large extent the same as those of 
anaemia. 

The nerve-elements may he damaged or destroyed by more minute 
morbid processes, either beginning in the interstitial tissue or in the 
nerve-elements themselves, such as the variona processes of inflammation 
and degeneration. 

The second diatarbance of function that results from braiu-disease is 
that which wo call "irritation." Irritation causes two effects. First, 
there may be a morbid increase of activity instead of a diminution; there 
is evidence of an excesaiye, although abnormal, liberation of energy. 
This disturbance may be sudden and paroxysmal, or persistent. The 
former ia often spoken of as "discharge," by an obvious metaphor, 
which is, indeed, more than a metaphor. Discharge implies a preceding 
charge. The nerve-energy liberated in the discharge must have been 
ready for liberation, but restrained. It must have been a state of " ten- 
sion" — "held," that is to say. But "held" by what resistance ? We 
do not know. Nevertheless, the fact of a resistance and restraint, co- 
extensive with the production of nerve-force, helps us much in under- 
standing the phenomena of nerve action in both health and disease. It 
helps us, for instance, to comprehend what has seemed to some ho 
strange a parados, the fact that disease should cause over- activity. If 
we conceive, as by all analogy we may, that the restraint is the highest 
function of nerve-cells, — that the self-control, and tiie capacity for 
being controlled, are higher functions than liberation of energy,— we 
can understand that when, by disease, there is deterioration of function, 
one effect of this is excessive activity. When the brain is suddenly de- 
prived of blood, one effect often is to cause convulsions: thus the first 
result of failing function may be the liberation of energy. No doubt in 
irritation the same process is opemtive. At the same time we must not 
deny that some influences may directly augment the energy-producing 
action of cells, although we have no means of proving such an augmen- 
tation. 

These considerations enable us to understand something of another 
and remarkable fact^the second effect of irritation. It may not only 
iiause over-activity of nerve-elements, it may lessen their activity, h 

I even arrest it. This arrest is an example of what physiologists ^^ 
"inhibition." It may be conceived as an increase of the ^H 
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resistance or restraint. It is remarkable that the same process 
should sometimes prevent and sometimes permit the liberation of nerve- 
force, bnt instances of this are familiar to physiologists. The same 
Btimulus, in different degrees, will either arrest or produce refles action. 
In irritation the nerve-tissues directly affected may be inhibited or dis- 
charged, or their irritation may inhibit or discharge connected nerve- 
cells at a distance. It is probable that the nervous system is full of 
mechanisms whereby the action of certain centres is controlled by that 
of other centres, and it is probable that the chief mechanism of this 
association is control, and that what we call the excitation of one centre 
by another may be very often simply a lowering of control, permitting 
activity. Thus we can understand that inhibition, as well as excitation, 
may be a result of the pathological process that we call irritation. 

Almost all organic lesions of the brain involve these two processes — 
damage, complete or incomplete, and irritation. Their relative degree 
varies, and still more does their relative duration. In a sudden lesion 
there is immediate damage and immediate irritation. The irritation 
Boon passes off, unless it is maintained by a secondary more chronic pro- 
cess. The damage that is incomplete also passes away, and with it the 
symptoms that it has caused. The damage that is complete persists, 
and its symptoms persist. Hence the symptoms of an acute lesion of 
the brain are at first far wider and more severe than correspond to the 
actual destruction. The escess due to slighter damage (as by corapres- 
sion) and to irritation, soon passes away. It has become customary (in 
Germany especially) to distinguish the two classes as the "direct " and 
"indirect" symptoms. The terms are convenient, although they are 
not exact, since almost all the so-called indirect symptoms are, in one 
sense, the direct effect of the lesion. 

In disease that is gradual in development and course, such disease as 
a tumor, sUghter damage and irritation are constantly occurring. The 
symptoms due to these accompany those due to the destruction by the 
disease. Hence the symptoms of such disease are often complex, and 
far more extensive than might have been anticipated. You may now 
see the meaning of the statement I made just now, that the nature of 
the lesion has far more influence on the character of the symptoms in 
disease of the brain, than it has in disease of the spinal cord. 

The division into direct and indirect symptoms is founded on the 
mechanism by which they are produced, and the distinction, as we have 



seen, ia not merely theoretical, but is based on the important fact that, 
in the caee of acute lesions, the indirect symptoms, however obtrusive at 
the onset, soon pass away, while the direct symptoms persist. UnlesB 
the loss can be compensated, it persists as long aa life endores, 
have now to conaider another important division of the Bympt( 
founded, not on their mechanism, but on their character. Some syra] 
toms, such as local palsy, are due to, and indicate, interference with 
function of a definite part of the brain. These are termed "focal" 
symptoms, because they are due to disease at a given spot. It is not 
quite in harmony with the modem sense of " focus," although there ia 
always a tendency to associate concentration with limitation ; but the 
sense is not altogether alien to the original meaning of " focus," which, 
you will remember, is that of a fireplace. Other symptoms, such as loss 
of consciousness, or delirium, indicate a widespread interference with 
the function of the brain, and are called " difftise." This distinction, 
although important and useful, must not be conceived as absolute. Few 
of our distinctions are absolute. Some symptoms may be diffuse in one 
case, focal in another, as, for instance, convulsions. Moreover, diffuse 
processes may cause focal symptoms, and vice verad. Both direct and 
indirect symptoms may be either focal or diffuse; but it is much more 
common for direct symptoms to be focal than diffuse, and somewhat 
more common for indirect symptoms to be diffuse than focal. 
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In considering in detail the symptoms, irrespective of their cauaej- 
we win not follow a strictly logical order, bat will first take the symp- 
tom that ia one of the most common, which we know most about, and 
therefore should be able to understand best — loss of the power of volun- 
tary motion, motor paralysis. The loss of power may be complete or 
partial in degree; both have always been, and still are, commonly 
termed "paralysea." It has of late become fashionable to call the par- 
tial loss " paresis," a term of doubtful value except as a means of giving 
a questionable satisfaction to patients, who find comfort in the myste- 
rious word, and think well of its donor — at any rate until the next phy- 
sician whom they consult assures them that the disease is " paralysis," and 
that " paresis " is only Greek for weakness. But what is altogether 
unjustifiable, is to assert that partial loss of power is not paralysis. 

Impairment of motor power ia due to interference with the motoi 
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centres in the cortex of the brain, or the motor path from them by the 
internal capanle, cms, pons, and pyramids of the medulla, in the conrea 
that we have already traced, AboTe the pona the two paths are sepa- ' 
rate, and a lesion in one eriiSj or one hemisphere, afEects only one motor 
tract, causing paralysis of the opposite half of the body — " hemiplegia." 
In the pons the two paths are near together; both may be affected hy a 
single lesion, and yet they are far enough apart for one to be often af- 
fected alone. In the anterior pyramids of the medulla they are bo near 
that both often suffer. A lesion here, on one side, affects the arm and 
leg on the opposite side. Above the medulla the path from the hypo- 
glossal nucleus, having crossed the middle line just above the nucleus, 
is associated with the tract for the limbs, and so the tongue is paralyzed 
on the same side as the limbs. Above the middle of the pona the facial 
path joins that of the limbs, and the hemiplegia involves the face. 
Thus affection of face, tongue, arm, and leg on the same side is the 
characteristic of complete hemiplegia that results from disease anywhere 
between the cortex and the middle of the pona. The fibres of the motor 
jtath spread out in passing from the cms into the internal capsule, and I 
still more widely in passing through the white substance to the cortex ' 
(see Fig. 5, p. 10), the tracts for tongue, face, arm, and leg being to a 
considerable extent separate, and the separation being greatest at the 
cortex. Hence, a lesion, even of some size, in the cortex, or in the 
white substance beneath the cortex, may affect only one or two of these I 
part.s, the other escaping. The arm, for instance, is often thus par- ' 
alyzed alone. But even a small lesion of the internal capsule usu- 
ally affects all the tracts; it must be very small indeed to damage only 
one of them. If the lesion is in the cruS, although it is very small, all 
are involved. Theoretically, it is true, a lesion in the cms or pons may 
bo so small as to damaga only one part; but practically this is scarcely ' 
ever met with. 

The hemiplegia is always on the side opposite to the cerebral lesion. 
A few cases have been recorded in which the hemiplegia was on the same 
side as the lesion, and these have exercised very much the minds of path- 
ologists. But a much more frequent event is to meet with hemiplegia 
without any discoverable lesion in either hemisphere. Some morbid 
change must exist in such cases; and a similar undiscovered lesion in the 
hemisphere opposite to the paralysis is the most probable explanation of 
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the cases in whicli the only discovered lesion ia on the same side as th« 
hemiplegia. CoexiBtence does not necessarily Involve causation.' 

Ia a ciise of severe hemiplegia— " complete hemiplegia," as it : 
called — the paralysis affects o«e side; hut not the whole of one side; 
The arm and leg are powerless; the face ia paralyzed chiefly in the lowei^B 
part; the npperpartof the face moves almost aa well as on the unparalyzeda 
Bide. The tongue, when protruded, deviates towards the paralyzed aide 
(being pushed over by the opposite unopposed genio-gloasus) ; but the 
muscles of mastication contract equally, or almost equally, in ordinary 
action, and the two sides of the thorax move equally in ordinary breath- 
ing, or if there is an inequality it passes away in a few days. But if the 
patient makea a strong effort, the masaeter on the paralyzed side d 
not contract quite so strongly as the other, and if he takes a d 
hreath, and brings into action the extraordinary muscles of respiration,-;!! 
there is a distinct defect of expansion of the corresponding half of thM 
thorax, I remember when I was a student, learning from two dietin-B 
guished physicians — from one that the masseters and respiratory mnselefil 
are always weakened in hemiplegia; from the other, that they nev( 
Both were right, or nearly right. The one Jiad observed only ordinarf J 
movements, the other extraordinary movements. Other muscles of thdl 
trunk are also weakened — those, for instance, of the back and of thaf 
abdomen, — but the degree of weakness is always slight. 

Thus some muscles are completely paralyzed, some are merely weak*] 
ened, others are usually not paralyzed at all, and are never paralyzed! 
much. Moreover, this does not depend on the extent of the disease in tho I 
brain. It occurs when the whole of one motor tract is destroyed. This 
is best explained by an hypothesis, first suggested (in a slightly different 
form) by Broadbent. Some muscles are habitually used without their i 
fellows on the other side — aa the muscles of one arm. Others are ofteaj 
used with their fellows, hut often also alone, as the muscles of extraor-J 
dinary respiration. Others are never used without their fellows, i 
intercostais, the frontales, and the masseters. The degree of paralyaiM 
itt hemiplegia corresponds roughly to the degree of unilateral use. Th< 
muscles of bilateral use are represented in both hemispheres of ttu 



' The hypothesis of Morgagni, that titers is no decussation on the medulla ilt 
these cases, does not receive so raucl) support iLsmii^ht seem (rom the dUcoveryJ 
of tho variability of this decussation, because it is certain that the medullar 
decussation, when deficient, ia supplsmented in the spinal cord. 
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brain, and the degree of bilateral representation corresponds to the de- 
gree of bilateral use. It may be that the representation of these mus- 
cles is rather greater in the opposite hemisphere than in the hemisphere 
of the same side, or that the nervous arrangements are in greater func- 
tional activity in the opposite hemisphere. Hence there is sometimes' 
slight weakness for a abort time after the onset of hemiplegia; but the 
hemisphere of the same side is soon able to innervate them in full de- 
gree. It is possible, although not yet proved, that the innervation is 
affected by pyramidal fibres that do not decussate. 

I have said that though muscles of bilateral use may be at first weak- 
ened, the weakness soon passes off. In muscles that are of partial bilat- 
eral nee the weakness also lessens, although less quickly. The legs are 
used much together, although capable of unilateral use, and the loss of 
power in the leg never remains absolute, although it may remain abso- 
lute in the arm. As a rule, however extensive the lesion, the patient 
regains ultimately some power in the leg, and commonly enough power 
to enable him to stand. When hemiplegia occurs in early life, the leg 
always recovers, and becomes as strong as the other, even when its 
growth is retarded. Since this occurs when the lesion involves the 
whole of the motor tract of one hemisphere, it must be through the un- 
affected hemisphere gaining by use that power over the leg of the same 
side for which, doubtless, structural arrangements always exist, although 
they are not called into complete functional activity under normal con- 
ditions. 

Another effect follows from this double representation of the leg. 
The lesion of the brain causes at first some weakness of the leg on the 
same side as well as on the other, but this soon passes off. Doubtless, if 
we could measure their strength, the other bilateral muscles would ex- 
hibit the same bilateral weakness. 

These phenomena present also another aspect. Most of these bi- 
lateral movements are automatic — need little or no voluntary effort. 
Movements are lost in proportion as they require will; persist in pro- 
portion as they are automatic. Again, emotional movements are auto- 
matic: tiie will is needed not to cause, but to restrain them. Emotional 
movement may be preserved when voluntary movement of the same 
muscle is lost. For instance, if the patient tries to show his teeth, the 
mouth may be motionless on the paralyzed side, and yet if he smiles 
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there may be little or no difference between the two sides. Emotional 
movemetita are probably innervated from either hemisphere. 

Certain movements are normally effected by nou-correaponding miia- \ 
cles of the two sides. Such, for instance, are the lateral movement of 
the eyes, and the rotation of the head. In the latter the head is turned 
to one side by some muscles of that side acting with the stemo-maatoid 
of the other. In hemiplegia theae movements are affected, but chiefly 
during the early stage. It ia the movement towards the paralyzed side 
that ia lost, and the unopposed antagonista may even cause a slight devi- 
ation of the head and eyea towarda the unaffected side, i.e., towards the 
aide of the brain diseased — this ia termed "conjugate deviation." It 
shows us very clearly that movements rather thanmucles are represented 
in the brain. The fact that the conjugate deviation occurs, and that it 
passes away, shows us two thlnga. It proves, first, that these move- 
ments, though effected by muscles of both sides, are habitually inner- 
vated from the opposite hemisphere, i.e., the headia turned to the right 
by the left hemisphere of the brain. Secondly, it shows that the move- 
ments are alao repreaented in the hemisphere of the same side, by nervous 
arrangements that may readily be called i,nto effective use. 

If a patient ia unconscious, we can no longer call his will into action, 
and are thus deprived of the direct evidence of loaa of voluntary power. 
If the patient is reatlesa, the absence of movement on one side may be 
observed; and a pinch of the skin may cause a movement on one side 
only. There may alao be flaccidity of the muscles of the paralyzed side, 
and the limbs, when raised, fall more suddenly than on the unaffected 
side; or, on the other hand, they may present a distinctly abnormal 
rigidity. The conjugate deviation of the head and eyes, if present, alao - 
indicates a one-sided lose. Moreover, we may sometimes obtain help by 
observing the state of reflex action. 

It is very common, although not invariable, for the reflex action 
from the skin to be lessened or abolished on the paralyzed aide. The loss 
may be observed in the plantar, cremasteric, and abdominal reflexes. It 
exists from the onaet. Why this symptom exists in some cases and not 
in all, we do not yet know. 

The myotatic irritability, evidenced by the Bo-called " tendon-re- 
flexes," is often unchanged during the first week, and at the end of that 
time becomes excessive, so that the foot-clonus can be obtained. Some- - 
ar, a clonus can be obtained a day or two after the onaet. 
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and there may be, immediately after the onset, complete loss of these re- 
actions, so that even the knee-jerk cannot be obtained. The early change 
is to be ascribed to an influence exerted by the lesion on the spinal cen- 
tres; the later increase to the secondary degenerative changes in the 
pyramidal tracts reaching these centres.* 

At some period the muscles of the paralyzed limbs become rigid, stif- 
fening the limbs in certain postures, and opposing passive movement. 
Todd first distinguished between ^^ early ^^ and ^Hate^' rigidity. The 
former comes on a few days after the onset, and lasts for a few weeks. 
The posture of the limbs is that of rest. It is probably due to the irrita- 
tion of the fibres by inflammatory changes about the lesion. But there 
is sometimes an "initial rigidity, '* which develops immediately, and 
lasts for a few hours or for a day or two. It is probably due to the irri- 
tation of the fibres by the lesion itself. When these forms of rigidity are 
considerable in degree we can often obtain the foot-clonus. The rigidity 
is the result of that state of the muscle-reflex centres in which myotatic 
irritability is increased. Late rigidity comes on in the course of a few 
weeks, and persists as long as the palsj. The shoulder is adducted, the 
elbow flexed, the wrist pronated and slightly flexed; the fingers are 
strongly flexed at the middle and distal phalangeal joints by the con- 
tracture of the long flexor. When the wrist is passively flexed, so as to 
shorten the course of the flexor tendons, the fingers can be straightened 
without difficulty. Although the flexor contracture preponderates, the 
extensors also present some rigidity. In the leg the rigidity is more 
nearly equal in the two sets of muscles, so as to fix the limb in the posi- 
tion of extension. This rigidity depends on active muscular contrac- 
ture. It lessens much during sleep and when the limb is warm. It can 
be overcome, for the time, by gentle prolonged extension, especially if 
the muscles are simultaneously rubbed. After some years tissue- 
changes take place in the muscles, and they can no longer be extended. 
Thus we ought to distinguish from the late rigidity an ultimate struc- 
tural contracture, making in all four varieties — ^initial, early, late, and 
structural rigidity. The late rigidity coincides with degeneration in the 
pyramidal tracts of the cord. Excess of myotatic irritability accom- 
panies it^ as it does the degeneration of spinal origin, no doubt for the 



' See " Diagnosis of Diseases of the Spinal CJord," 3d Ed., p. 23, for a fuller dis- 
cussion of this subject. 
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same reason. The foot-clonus and rectus-clonus can readily be ob- 
tained; in the arm^ a tap on a muscle^ its tendon^ or the bone to which 
it is attached^ causes a momentary contraction^ and sadden tension may 
develop a clonus in the flexors of the fingers^ and sometimes in the flex- 
ors of the elbow^ and even in the trapezius. 
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SYMPTOMS (ConWnued): HEMIPLEGIA (Con«nt*ed)— CONVULSION. 

Gentlemkn", — ^We considered, in the last lecture, the chief characters 
of hemiplegia, and the condition of the muscles in lasting palsy. Some 
other points regarding the state of the limbs remain for consideration, 
the first being the changes that may occur in their nutrition. 

The nutrition of the muscles may be unchanged, even after the 
paralysis has existed for years, or slight general wasting may set in a few 
weeks after the onset, sometimes slowly attaining a considerable degree, 
although never comparable to that in progressive muscular atrophy. 
The electric irritability of the muscles may present no change, or a slight 
increase in irritability may occur at the end of one or two weeks, and 
continue for a few months, to give place to a slight and permanent dim- 
inution. The change is the same to both forms of electricity, faradaism 
and voltaism, and is the same in the nerve-trunks as in the muscles. It 
occurs, chiefly when there is the change in nutrition just described, and 
each is probably the consequence of the irritative character of both the 
cerebral lesion and the resulting secondary degeneration of the pyramidal 
tract in the cord. Although this degeneration never invades the motor 
nerve-cells as a destructive change, it seems to influence, in slight degree, 
their nutrition, and therefore that of the motor nerve-fibres and muscles. 

Vaso-motor and trophic changes may be absent or very marked. 
They appear to depend in part, like the changes in muscular nutrition, 
on the irritative character of the cerebral lesion; but there are centres 
in the cortex that influence the vaso-motor state of the limbs, and dis- 
ease of these centres, or of the downward path from them, the precise 
position and course of which are still undetermined, may be the cause of 
considerable disturbance of this character. During the early weeks there 
is often increased warmth of the paralyzed limbs, amounting to from 
half a degree to a degree and a half Fahrenheit, at first uniform, 
afterwards intermitting. With this there may be increased redness and 
lividity, sometimes with m^rkc^iCedem^, e§y^f^i^y riiibpiddJieys are also 
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diseased. Often there is a tendency to graver trophic changes; blisters 
readily form, filled with dark serum; the skin sloughs from slight pres- 
sure in those parts on which pressure chiefly acts in the recumbent pos- 
ture — ^the gluteal region, over the trochanter and malleolus. Earely 
there is inflammation of joints. 

When recovery occurs, power returns in the proximal parts of the 
limbs sooner than in the distal parts, and in the leg before the arm. In- 
deed, as already stated, some recovery in the leg is invariable. There is, 
moreover, more use of the leg in association with the other, than in its 
separate movements. The flexion of the foot is that which remains long- 
est defective, and hence the 2)atient cannot get the toes off the ground 
in bringing the foot forward in the act of walking, and swings the leg 
round. In the arm, the shoulder recovers before the elbow, and the el- 
bow before the hand. The extensors remain weak longer than the flex- 
ors, and the supinators longer than the pronators. In rare cases the 
hand-movements return first; and it is singular that these cases some- 
times also present another exceptional feature — the arm improves faster 
than the leg. No doubt this peculiarity depends on a special position 
of the lesion. 

The distribution of the palsy in cases of hemiplegia depends on the 
position and extent of the lesion, and certain forms need special notice. 
I have already mentioned the escape of the tongue on the affected side, 
when the lesion is in the medulla, and of the face when it is in the lower 
half of the pons; that is to say, when the lesion occurs before the cere- 
bral path from the hypoglossal and facial nucleus has crossed the middle 
line, and has become associated with the path to the limbs. But the 
cranial nerves, from the third to the hypoglossal, in passing from their 
nuclei to the surface, may be damaged by disease that damages also the 
motor tract. This paralyzes the nerve on the same side as the lesion, 
but the limbs on the opposite side to the lesion, thus causing what has 
been badly termed ^^ alternate hemiplegia.** Certain nerves are more 
frequently paralyzed in this way than others; the most frequent are the 
facial, the sixth, and third nerves; less frequently the hypoglossal, audi- 
tory, and fifth. The facial and sixth are sometimes affected together on the 
side opposite to the limbs. The paralysis of the face resembles that due 
toother diseases^of iis npj^§; all parts of the face are paralyzed, and 
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there is loss ot'fjitjbdkJ; %hfi;^rfsejCV'atio!i:.6v .yoltaJc irritability. When 
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the lesion is in the crus^ the face is affected on the same side as the 
limbs, but the third nerye on the opposite side — on the same side as the 
lesion. Do not imagine that this crossed palsy of limbs and cranial 
nerves is invariable when hemiplegia results from disease in these regions. 
The lesion may be so placed, or so small, that the nerves escape. Thus 
the association of palsy of cranial nerves on one side, with that of the 
limbs on the other, gives us one class of varieties of hemiplegia. 

Another class depends on the incomplete extent of the palsy, the seat 
of the disease being in the cerebral hemisphere, where the constituent 
elements of the motor tract have so far diverged that its damage may 
easily be partial. We have already seen that this must be rare in lesions 
of the internal capsule, on account of the proximity of the several paths, 
and that it may more readily occur in the white substance, and most readily 
in or beneath the convolutions. The paralysis may involve only the face, 
or the arm, or the leg: or it may involve the face and tongue; face, tongue, 
and arm; or face and arm. The distribution depends on the relative posi- 
tion of the centres and paths. Thus the tongue and arm are never affected 
by a single lesion without the face, because the face-centre and path inter- 
vene between the two others. Similarly, the face and leg are never 
affected without the arm, because the centre and path for the arm inter- 
vene between the others. This partial hemiplegia is sometimes called 
*' monoplegia,^* distinguished, according to its seat, as lingual, facial, 
brachial, or crural, while combinations receive compound names, as 
brachio-f acial monoplegia. It may seem to you rather anomalous to call 
the latter a monoplegia, but the whole nomenclature is inconsistent- 
Strictly, "monoplegia** should designate double hemiplegia; but we 
call this "diplegia.** Thus two " half -palsies ** make, not a "one- 
palsy,** but a " two-palsy,** and a " one-palsy ** is less than a '^ half- 
palsy.*' 

In these cases of partial hemiplegia, the paralysis never remains ab- 
solute, and usually is not absolute, even at first. The state of the limb 
resembles that of a hemiplegia that is recovering. The coarse move- 
ments in the upper part of the limb are preserved, while the movements 
of the extremity are impaired or lost. 

The affection of sensation that often accompanies hemiplegia I shall 
describe presently. Before leaving the subject of motor palsy one curious 
class of symptoms must be mentioned. These are the disorders of move- 
ment that sometimes come on some months after the onset. The rigidity 




62 LECTOEE T. 

of which I hare already spoken is fixed, varying but little daring the 
waking houre. But the mnscular contractions we are now considering 
are versatile and changing. They also vary much in different cases. 
Sometimes there ia tremor; flne, quick, rhythmical contractions of the 
muscles. Rarely there are slow and rhythmical movements, wider in 
range, and chiefly met with in the hands or fingers. Most common of 
all are irregular muscular contractions, irregular both in time and in 
degree, rarely quick, far more often slow. The quick movements some- 
what resemble those of chorea, and hence the term, " post-hemiplegic 
chorea," has been applied to the whole class of movements — unwisely, 
because they have nothing to do with chorea, and; moreover, resemble 
chorea only in rare cases. G-enerally, the movements are far slower than 
are seen in true chorea. If not constant, they are readily evoked by an 
attempt at voluntary movement, or even by attention, and by these they 
are always increased. loco-ordination of movement results, peculiar in 
character — alow, irregular, spreading movements of the fingers, that have 
been compared, not inaptly, to the movements of the arms of a cuttle- 
fish. "Mobile spasm," it may bs conveniently termed. With this 
there is often some more constant and unchanging spasm, especially in 
the flexors of the wriat. The arm is always involved in greater degree 
than the leg. In the latter the effect of the spasm ia chiefly to cause in- 
version of the foot and over-extension of the great toe; spontaneous 
movements are rare. The arm is usually adducted at the shoulder- 
joint; the elbow is sometimes flexed, sometimes strongly extended. 
Often the arm, straightened out, is carried behind the body. The wrist 
is frequently flexed; the fingers are usually flexed at the metacarpo- 
phalangeal joints, extended, and even over-extended at the others, the 
spasm preponderating in the interosseal muscles. There may be a sub- 
luxation of the extended finger-joints, the heads of the phalanges pro- 
jecting on the palmar aspect. Thus there is a remarkable contrast be- 
tween this spasm and ordinary late rigidity. In the latter the spasm 
chiefly affects the long flexors of the fingers; the digits are bent at all 
joints, a form of flexion that is employed in coarse movements of the 
limb. In the mobile spasm there is the "interosseal flexion" just de- 
scribed, the flexion that is employed in many delicate opemtiona, such 
ae the act of writing. The continuous action of the muscles often leads 
to their overgrowth, and the limb may be actually larger in circum- 
ference than that of the opposite aide, when it ie less in length, This 
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condition sometimes develops without preceding hemiplegia; and to, 
such a case, in which thcru was no fixed spasm, but only the slowly- 
changing irregular movements, Hammond (of New York) gave tho name 
of "athetosis" (—without fixed position). In the vast majority of , 
cases the condition is a seqnel to hemiplegia. It sometimes comes oil 
after hemiplegia in adult life, but is far more frequent after hemi- 
plegia in infancy and childhood, to which it is, indeed, the common 
sequel. In adults it has been observed chiefly in cases in which the 
lesion was in or near the optic thalamus. Why, we cannot yet say. In 
children it does not seem to be related to any special seat; it follows dis- 
ease anywhere in the motor regions of tlie hemisphere. The lesion 
causing the initial hemiplegia is, however, almost invariably softening, 
and not hemorrhage. An analysis of adult cases shows this clearly; 
and in children any other acute lesion than softening is very rare. These 
considerations suggest that one element in its causation may be the par- 
tial recovery of nerve-oells that are damaged, but not destroyed — which 
recover, but with disordered functions, — and the greater power of re- 
covery and greater capacity for derangement during the period of ] 
development may be the cause of the special frequency of this condition , 
after hemiplegia in early life. 
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From motor palsy, the spasm last considered naturally leads us to 
ihat paroxysmal over-action which causes convulsion. Convulsions are 
frequent and important symptoms of cerebral disease. They occur 
nndor two conditions, apparently as the resnlt of two different mechan- 
isms. First, they occur if there is active irritation of the brain-tissue, 
such as is produced by inflammation of the brain or membranes, a grow- 
ing tumor, or a sudden lesion. Secondly, they occur in what are termed 
"stationary lesions," in which tho stage of activity is over, and such 
Htructural recovery as may be possible is taking place, or has taken place. 
In this case they are, apparently, due to tho imperfect recovery of dam- 
aged nerve-eella, which regain the power of evolving nerve-force, but 
not the higher power of regulating its discharge. By each mechanism, 
convulsions are produced most readily when the disease is in the cortex. 
Stationary lesions scarcely ever cause convulsions unless they 
situated in or near the motor cortex. Active irritation is most effective 
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when in the same region, but it may cause convulsions whatever be its 
Beat. They are also produced by general increase of intracranial pres- 
sure, and by diEEuse processes, such as meningitis. 

The diagnostic aigniflcance of convulsions depends on their char- 
acter. They may be general or they may be partial, either in extent or 
in commencement. General convulsions constitute a "diffuse" symp- 
tom. They are often due to a diffose and widespread morbid process, 
inflammatory or degenerative disease away from the motor centres, or to 
general increase of intracranial pressure. Convulsions that are limited 
in extent or commencement constitute a focal symptom, and indicate 
diseaao in or near the motor region, especially the motor region of the 
cortex. In general convulsions the loss of consciousness ia sudden and 
immediate; there is usually no aura. In partial convulsions, conacious- 
ness is lost late, and the patient is usually aware of the local onset. This 
local onset is due to the fact that the discharge begins in the centre 
irritated — for the face, ann, or leg. If very slight, it may not spread 
beyond the one centre in which it began, the convulsion being confined 
to the corresponding part. If more severe, it spreads to all the centres 
of that hemisphere, and the convulsion affects the whole of one side of 
the body. If still more severe, the discharge spreads to the other 
hemisphere, and the limbs of the other side are also involved, usually 
after the first side, sometimes, in the most severe fits, simultaneously. 
Consciousness is usually retained throughout when the eonvulsion is 
confined to one limb; sometimes when it involves the whole of one side; 
scarcely ever when both sides are involved. Different discharges vary in 
intensity, and the patient often has slight attacks that are local, and 
more severe attacks that begin locally and become general. The attack 
usually commences by clonic spasm, which often becomes tonic if the 
convulsion beci>me3 severe. The spasm almost always begins in the 
extremity of the limb. But it is common for a sensory "aura" in the 
part to precede the spasm; the sensation may pass up the limb first 
affected, along the side of the trunk, and down the second limb affected, 
and only then may spasm be added. It is as if the discharge commenced 
in the sensory cellsof the cortex, passed like a ripple through these sensory 
centres, and only when it reached their limit was deflected to the motor 
cells. In the very slightest attacks the sensory aura may be accompanied, 
not by spasm, but by the opposite condition — sudden powerlessneaa of 
the limb. The influence of the sensory discharge on the motor cells mai 
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thus be to inhibit them, if it is of very slight degree — another instance 
of the relation of inhibition and discharge mentioned on p, 40. Special 
sense anraa are very rare in organic disease; when they occur they indicate 
that the disease is in or near the part of the cortex that subserves the 
corresponding functions. Thus, I have met with a case in which a flash of 
light was the aura of fits due to a tumor of the occipital lobe; and another, 
of a tumor beneath the temporo-sphenoidal cortex, in which the sound 
of bells was the aura. 

A convulsion leaves behind it a transient weakness in the part con- 
vulsed, probably due to exhaustion when the spasm is severe, or to 
motor inhibition when the spasm is slight or the discharge is limited to 
the sensory cells, sometimes perhaps to both mechanisms. The weak- 
ness after a unilateral fit may resemble slight hemiplegia, and, if the con- 
vulsions recur at short intervals, the residual palsy accumulates until it 
may amount to absolute powerlessness of the side, with increased knee- 
jerk and foot-clonus. It gradually passes away after the convulsions are 
over. 

The characteristic, then, of the convulsions of organic brain-disease 
is their local commencement. Whether the fit remains limited to the 
part in which it commences, or spreads to other parts, even the whole 
body, is a question of degree. Moreover, a local aura, without convul- 
sion, has the same significance as local spasm. It indicates that the dis- 
charge commences at one part of the brain, that there is at that part a 
morbid state, and it is thus a focal symptom. Convulsions that are 
general from the first are often due to, and symptoms of, organic brain- 
disease; but they derive their significance from associated symptoms, 
and not from their character. Without such symptoms they suggest 
idiopathic epilepsy, not the organic brain-disease that local commence- 
ment suggests. I say suggests, because there is sometimes a local com- 
mencement in idiopathic epilepsy. This is, however, rare, and you 
would not think of idiopathic epilepsy in such a case unless you had as- 
certained that other symptoms of organic brain-disease were absent, and 
you could not feel confident, unless the convulsions had existed alone 
for a considerable time, or there was a strong family tendency to the 
idiopathic disease. 

The first convulsions from organic disease are sometimes excited by a 
cause outside the central nervous system, a cause that may seem to be 
adequate to account for them. This is a very important point. Bemem- 
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ber that the apparent cause of a fit is scarcely ever' more than its 
excitant — an excitant that is effective only because there is a predisposi- 
tion; and the predisposition is the important matter to bo sought tint 
and to be treated. The spark would be harmless unless it fell on gun- 
powder. The predisposition may be sometimes an inherited tendency 
of the nervous system, or it may be an acquired state of morbid irrita- 
bility, Bueh as forms part of the constitutional disease we call "rickets," 
or it may be a brain disease that has not reached sneh a degree as to 
cause pronounced symptoms. For instance, a child was brought in 
here who had swallowed a slate pencil, and then had an attack of gen- 
eral convulsions. For this the slate pencil seemed an adequate cause. 
It was passed by the bowel, and the child seemed well. But six weeks 
afterwards she was dead, and the cause of death was a large infiltrating 
glioma of the pons, which mnat have existed at the time of the convul- 
sion, and no doubt gave rise to the predisposition. As in this case, the 
convulsion so excited is usually general. But only a few weeks ago, you 
may remember, we had a man in Ward IV., whose history showed that a 
convulsion beginning locally may be excited by a local cause, even 
though it ultimately depends on organic brain-disease. The man, when 
apparently well, struck his left arm against an iron hook, and a few 
hours afterwards had a fit which began in this arm, and was heralded by 
a pain at the part atruek. He afterwards had other similar fits. It 
seemed like a case of what is termed " reflex epilepsy " — a disease, by 
the way, much more rare than you may imagine from books. But one 
day he had a fit which began in the foot, and not in the arm. Then he 
developed headache, double optic neuritis, and hemiplegia; and when he 
came in here, he presented the characteristic symptoms of a tumor in 
the upper part of the ascending frontal convolution. The blow on the 
arm had determined the time and place of an explosion, of which the 
real cause was the organic brain-diaeaae. Such a case is the converse of 
the arrest of a fit, beginning locally, by a ligature round the limb, when 
the fit is due to organic brain-diseaae, and the ligature can only stop the 
fit by acting on the centre in the brain. 

Bemember, then, that convulsions should not be lightly diBmiaa 
from consideration because the fit succeeded an exciting cause. 

Sufferers from organic brain-disease who are of the age and sex in 
irhich the predisposition to hysteria exists, may suffer from attacks of 
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hysteroid convulsion. It is not surprising that so potent a disturbing 
influence should evoke into activity a tendency from which few women 
are altogether free. But the fact is of extreme diagnostic importance, 
because, when one of a set of symptoms is unmistakable in character, it 
is natural to take it as an index to the series. You should never do so, 
gentlemen, until you have satisfied yourselves that no symptom is cer- 
tainly of a different nature. I insisted on this in speaking of the diag- 
nosis of diseases of the spinal cord, and it is equally true of those of the 
brain. Both acute and chronic disease may lead to the strange disturb- 
ance of function to which we give the name hysteria, and which we might 
just as well call, as did our forefathers, " fits of the mother.*' I have 
seen it, for instance, many times in cases of cerebral tumor, many times 
in tubercular meningitis, and once at the onset of an attack of embolic 
hemiplegia. It is a very frequent consequence of the defective develop- 
ment of the brain that results from infantile lesions. Some of you may 
remember a curious girl who attended here for a long time, whose power- 
less and withered arm was the relic of a severe infantile hemiplegia. 
She suffered from unilateral epileptiform convulsions, and also from 
pure hysteroid fits of intense severity, as well as from laryngeal spasm, 
phantom tumor, and various other symptoms of the same class. 

Tonic spasm, in the form of muscular rigidity, occurs as a chronic 
symptom chiefly after hemiplegia, and as an acute and subacute symp- 
tom in irritating lesions, especially in inflammation of brain and mem- 
branes, either primary, or secondary to necrotic softening. It is almost 
always one-sided. Severe tetaniform spasm is rare. It is generally 
paroxysmal, and has been met with chiefly in disease of the cerebellun^, 
but only in cases of tumor, and it is probably due, not to the damage to 
the cerebellum, but to the pressure of the tumor on the pons. Similar 
spasm may be caused by tumors of the pons. Forced movements, as a 
tendency to rotation, are extremely rare. They resemble those produced 
in animals by injury to the semicircular canals or cerebellum, and have 
been observed chiefly when disease involved the middle cerebellar pe- 
duncle. Of their precise mechanism we are still ignorant. Fine tremor 
is rare except after hemiplegia, but sometimes attends muscular weak- 
ness in chronic disease. It is without special significance. Inco-ordi- 
nation of the movement is also rare except after hemiplegia. Insular 
sclerosis of the brain and cord is attended by jerky inco-ordination. 
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sometimes wild in its irregularity and in the extent of its range. It is 
important to know that a precisely similar form of inco-ordination is 
sometimes met with in cerebral tumor. I have seen it in cases of tuber- 
cle of the pons Varolii and crus cerebri, when the tumor has compressed 
the motor tract. There is usually hemiplegic weakness; and the move- 
ments of the leg, as well as those of the arm, may be irregular. Charcot 
believes that the mechanism of this inco-ordination in disseminated 
sclerosis is an unequal morbid resistance in the nerve-fibres passing 
through a sclerosed area, and a similar effect may, conceivably, result 
from a compression by a tumor. 
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SYMPTOMS (Continued): DISTURBANCE OF SENSATION— AFFECTIONS 

OF SIGHT. 

Gei^^tlemen, — From the motor symptoms that occupied our attention 
in the last two lectures, we pass to the corresponding disturbances of sen- 
sation. The best instrument for testing sensibility is a simple one, a 
quill pen — ^the feather for touch, and the point for pain. We will 
consider first the loss of sensation that is analogous to the motor palsy, 
and often attends it. Hemiplegia may exist without any sensory loss, 
or with every degree of this loss. Complete hemianaesthesia may exist 
alone, or may be combined with every degree of motor palsy. It is 
rare, however, for the two to exist in high degree: usually a considerable 
degree of one is combined with a slight degree of the other. I am 
speaking now and always of organic disease, and have nothing to do, 
beyond a passing reference, with the mysterious hemianaesthesia that 
occurs in some cases of hysteria. 

The one-sided loss of sensibility may involve all forms of sensibility 
— of touch, pain, temperature — or may involve one more than the others. 
In its complete form it extends up to the middle line, the absolute loss, 
however, usually stopping short of the middle line by a centimetre or 
so. It involves the mucous membranes as well as the skin. It always 
depends on interference with the sensory path, the course of which I 
described to you (p. 13); but if the lesion is in the pons, the parts sup- 
plied by the fifth nerve escape. The most frequent seat of disease 
causing hemianaasthesia is the posterior part of the internal capsule, 
between the posterior extremities of the optic thalamus and lenticular 
nucleus. Disease here, you will remember, may involve the special 
senses on the same side as common sensibility, the affection of sight 
being, however, hemiopia, due to arrested conduction from the half of 
each retina. Although* the destination of the sensory path seems to 
be the cortex under the parietal bone, hemianaesthesia only results from 
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cortical disease when this is very extenaive, and then (as the case i-elate 
OD p. 14 shows) the special senses may be involved, and instead ■ 
hemiopia we may have loss of sight in the eye on the anesthetic eidej 
and perhaps hemiopia also in the eye of the same side, if the dises 
involves the occipital as well as the parietal lobe (see p. 30, note). 

The slighter forms of defect may he characterized, not by any abs 
lute loss, but by slight qualitative change. A patient, for instance," 
often avers that there is a difference throughout one side, that a touch 
or a prick does not feel the same as on the other side, although there is 
no place at which the slightest touch ia unfelt. J 
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The second form of loss of sensation often accompanies hemiplegia.' 
The loss exists cliiefly or only in the limbs, and ia greatest in, often con- 
fined to, the extremities. Tactile sensibility is lost in greater degree 
than sensibility to pain, and there is often an inability to recognize the 
position of the hand or foot, even when the skin is perfectly sensitive. 
Thus, the patient's eyea being closed, the hand and fingers are moved 
about, and finally held in some posture which the patient ia asked to 
describe, or to imitate \vith the other hand. If there is no tactile 
loss, the fingers should be firmly grasped so that the direction of pres- 
sure may not inform the patient of the posture. This should be repeated 
several times, since too much weight must not be laid upon a single 
error, especially if tlie patient is unintelligent. It is remarkable thj 
in some cases in which the patient can feel the slightest touch on tl 
hand he has not the least idea of the posture in which it has been placed. 
This loss occurs in disease of the motor cortex. It depends, according 
to Munk, on the loss of the structures that subserve conceptions of 
movement. We cannot yet say, however, that it does not result from 
disease elsewhere. Indeed, some of you may remember a case of hemi- 
plegia that was in the hospital a few mouths ago, in which this loes 
was as distinct as it can ever be in an unintelligent patient, and tl 
cortex was intact, the lesion being confined to the internal capsule 
corpus striatum. Hence the diagnostic value of the symptom as evidei 
of cortical disease is probably not great. 

It ia a curious fact that lesions of the brain occurring in infancy 
early childhood seem never to cause permanent loss of sensibility, 
though they must sometimes involve the sensory path or centres. Tl 
'act shows that, in the growing brain, compensation by other parts. 



M 



LOSS OF SENSATION. 61 

haps by the other hemisphere, is possible in regard to this function in 
very complete degree. 

The hemianaBsthesia that occurs in hysteria may be misunderstood 
and ascribed to organic disease, but careful attention to the other 
symptoms in the case will generally prevent error. Eemember that in 
hysteria one-sided loss of sensibility, although usually complete, is not 
always so; the special senses, and even the head, may escape. If it is 
combined with motor palsy, the loss of feeling may be much greater in 
the weakened limbs than elsewhere. The risk of error is greater in 
such cases than it is when the hemiansesthesia is complete and the special 
senses are affected — ^vision as "crossed amblyopia.*' Perfect as is the 
correspondence of this sensory loss to that which may result from organic 
disease of the cortex, the slight risk of error that there is may be 
avoided if you remember that the symptom can be produced by organic 
disease only when this is very extensive^— so extensive that its nature 
could not admit of question. If you doubt whether there is organic 
disease, yon may feel sure that there is not. In the only situation in 
which a small lesion can cause hemianaesthesia with affection of the 
special senses (the posterior part of the internal capsule), the affection of 
sight is always hemiopia. 

Perhaps the greatest risk of ascribing hysterical loss of sensation to 
an organic cause is in the cases of infantile lesion of the brain that I 
have, just mentioned. I told you, in the last lecture, how prone the 
female subjects of such disease are to develop hysteria. If you are not 
aware that such lesions do not permanently impair sensibility, you may 
easily ascribe hysterical hemianaesthesia in such a case to ,the organic 
disease. It is one of the most subtle of the many traps that hysteria 
delights to set for the unwary diagnostician. I had myself to pay for 
my experience. Some years ago a girl came to me with infantile hemi- 
plegia of the ordinary type, with shortened limbs, and mobile spasm in 
the arm. She complained of no symptoms suggestive of hysteria. On 
testing sensibility I found that the whole of the paralyzed side was anaes- 
thetic; the special senses were blunted on that side, vision was much 
impaired, and color-vision was lost. Here, I thought, are two most in- 
teresting things: first, there is a lasting loss of sensibility from a lesion 
in the brain in infancy; and secondly, there is crossed amblyopia from 
organic disease. I made most careful notes, and told her to come again 
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in a week. She did so; and on the paralyzed side sensation was now 
perfect, and all the loss of feeling had gone over to the other side ! Only 
a few months ago, in one of the medical . papers, I saw an account of a 
similar case, which was published as hemiansBsthesia of organic origin. 

Symptoms due to irritation of the sensory tract or centres are not 
uncommon in central disease. Tingling, formication, and the varied 
sensations called ^^ numbness '' are frequently associated with hemiple- 
gia, as prodromata and as accompaniments. They are common both 
with and without actual loss of feeling. "When the lesion occupies the 
motor centres or path, these sensations, like the anaesthesia in the same 
cases, occupy chiefly the extremities. Such sensations, extending over 
the whole of one side, up to the middle line, attend disease in or near the 
sensory path, and may herald or accompany hemianaesthesia. The anaes- 
thesia may be transient, and the sensations persistent, no doubt because the 
lesion is so placed near the sensory path or centres as to irritate but not 
to interrupt them. In the same class of cases there may be persistent 
pain in the limbs, usually dull and wearying. The patient whose fields 
of vision are represented in Fig. 8 suffered severe pains of this charac- 
ter for many years, the result of a lesion which caused transient hemi- 
plegia and persistent hemiopia. 

Paroxysmal sensations of tingling, ^^ pins and needles,^' or pain, may 
result from such discharges as, in motor structures, cause convulsions, 
and the sensory discharge often accompanies the motor. I spoke of 
these sensations in the last lecture. It is also very important for you 
'to know and remember that such one-sided sensations of tingling, etc., 
may occur as part of the strange phenomena of migraine. They are 
then more deliberate than those that herald a convulsive attack or con- 
stitute a minor seizure, lasting for half an hour or an hour. "When on 
the right side, aphasia often attends them. Followed, as they are, by 
violent headache, they may cause much alarm, not only to the pa- 
tient, but also to his medical adviser, if the latter is unaware of the oc- 
currence of such sensory disturbance in this association. If the patient 
las not had such an attack before, he is certain to have suffered from 
paroxysmal headache, and probably from slighter sensory symptoms, 
especially in vision; from these you may feel sure of the nature of the 
attack. 
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"We pass from the disturbance of common and tactile aeasibility to 
tbe Byraptoms that depend upon diBtnrbance of the nervea of special 
sense. These are cranial nerves, and it will be most convenient 
to go through the cranial nerves seriatim., considering the symp- 
toms within the range of their functions in the anatomical order, which 
is nearly the order we adopted in the description of the anatomical re- 
lations of the nerves. Those relations yon must bear in mind, if you 
would understand the important symptoms that are produced by diaeasa 
of the nerves, or of the central tracts that continue their path to the 
cortex. 

We commence, then, with the nerve of smell. Remember that the 
olfactory nerve subserves, not only the sensations that we recognize as 
odors, bnt also those that are termed flavors. We call the sensation an 
odor when its cause reaches the olfactory membrane by the anterior 
nares, a ilavor when its cause enters the nose by the posterior nares. In 
the latter case the sensation is combined with a true gustatory sensation 
(of sour, sweet, bitter, etc) from the tongue and fauces, and the two 
are so blended that we seem to taste flavors when w8 really only smell 
them. Hence those who have lost smell always say that they have also 
lost taste, although you will find, on trial, that the true gustatory sen- 
sations are unimpaired. In examining the sense of smell yon must em- 
ploy only odorous substances that are not pungent; i.e., do not irri- 
tate the fifth nerve, or the patient may perceive thai which he cannot 
smell, and the result is confusing. Loss of smell Is an infrequent symp- 
tom of brain disease. Its most common cause is disease of the olfactory 
mucous membrane, polypus, chronic catarrh, aaid the like, the absence 
of which must always be ascertained before the symptom is allowed sig- 
nificance. Mechanical injury, by damaging the delicate filaments that 
come from the olfactory bulb, is anotJier occasional cause. Diseases of 
the anterior fossa of the skull, tumor, aneurism, meningitis, sometimes 
cause it, and it may result from the pressure on the bulbs in ex- 
treme internal hydrocephalns. From central disease it is very rare, ex- 
cept in association with complete hemianfflsthesia; it is then on the side 
opposite to the lesion. It probably may be produced also by disease in 
the temporo-Bphenoidal lobe, near the inner part of the fissure of Syl- 
vius, and will be then on the same side as the lesion. It occutb occa- 
sionally in degenerative diseases, as general paralysis of the insane, per- 
haps in consequence of an atrophy of the nerve analogous to that of the 
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optic nerve. Subjective sensations of smell are almost confined to func- 
tional diseaBea (as the aura of epilepsy, etc.), but have been noted 
tumor of the temporo-aphenoidal lobe. 
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Disturbed function of the optic nerve is a very common symptom of 

brain disease. In acnte lesions it is generally due directly to the cerebral 
lesion; in chronic disease it is often the result of optic neuritis, and is 
thns a secondary effect of the brain-naiachief, of significance chiefly as 
to the nature of the disease. In almost all cases, however, au ophthal- 
moscopic examination is necessary to ascertain whether the afftctiou of 
sight is of iutra-ocular origin, before its significance can be determined. 
There ia only one form of impairment that can be referred with cer- 
tainty to central disease, and that is hemiopia. ICven in acute lesions 
of the brain, which do not, as a rule, entail optic neuritis, coincident 
retinal changes, such as albuminuric retioitia, liEemorrrhage, aud embol- 
ism, Hometimes cause impairment of vision, the origin of which can 
also only be ascertained by the ophthalmoHcope. If optic neuritis is found, 
we are not justified in immediately ascribing the impairment of sight 
to its efEect. If the visible neuritis ia slight in degree it will not account 
for affection of sight. The latter may be due either to a more consid- 
erable retro-ocular inflammation of the nerve, or to the central disease, 
and between the two we can only decide by the symptoms. 

I have already mentioned the c!iief pointa in the anatomical rela- 
tions of the optic nerves that determine the form of loss of sight from 
disease in the several parts of the visual path. Loas of sight of one 
eye means an affection of its nerve between the eye and the chiasms, i.e., 
in the orbit, at the optic foramen, or within the sknll. Temporal hemi- 
opia — loss of the outer half of each field of vision — means damage to 
the middle of the optic chiasma, affecting the fibres that cross from the 
nasal half of each retina, and leaving unaffected those at the sides of the 
chiasma that do not cross. Its most common cause is a tumor, disten- 
tion of the third ventricle, and infiammation. Affection of only the non- 
decussating fibres, by damage to each side of the chiasma, causes nasal 
hemiopia, but is extremely rare. Disease anywhere in the optic path, 
from the chiasma to the occipital cortex, causes hemiopia, which may be 
complete or incomplete, but is always Bymmetrical, although not always 
minutely symmetrical. When incomplete, a part only of each half- 
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field 18 blind. Amblyopia of one eye, with considerable peripheral 
restriction of the field of vision, occurs from extensive disease of the cor- 
tex of the opposite hemisphere, and perhaps from a small lesion in the 
angular gyrus. As I have told you {p. 31), there is usually loss of color- 
vision, and there is also slighter restriction of the fields (white and 
color) in the eye on the same side as the disease. When caused by acute 
non-progressive lesions, this loss usually soon lessens, perhaps by com- 
pensatory action of the centre in the other hemisphere, or of the un- 
damaged part of the affected centre. Thus, affection of sight of one eye 
may be dne to disease at either extremity of the visual arrangement — 
the optic nerve, or the highest cortical centre. The two are distin- 
guished by the following indications: (1) the reaction of the pupil is 
lessened in disease of the nerve, and not in disease of the hemisphere; 
(3) the other eye suffers in a similar but slighter way in cortical disease; 
and (3) the associations of the two are wholly different, cortical dis- 
ease being accoflipanied by hernia a festhesia and no affection of the 
cranial nerves; whereas, in disease of the optic nerve, he mi anaesthesia is 
always absent, and the motor nerves to the eyeball are very often in- 
volved. Remember, however, that for one case of crossed amblyopia and 
hemianiBSthesia from organic disease, you will see many that are of func- 
tional origin, and the evidence of an organic lesion must be very clear 
before you can ascribe the symptom to this canse. 

A simple peripheral restriction of the field of vision occurs also in 
optic nerve atrophy, both in simple atrophy and in that which follows 
neuritis. In the latter the fields are often irregular; sometimes there 
are islets of loss ("sootomata," as they are termed) within the field, and 
such islets may vary for different colors. A central defect is a conse- 
quence of damage to the fibres in the axis of the nerve. It is common 
in tobacco-amblyopia, but is scarcely ever met with in brain disease. 

In searching for these defects of sight you should first ascertain 
whether there is any considerable error in the refraction of t'he eye. A 
slight amblyopia, which you might otherwise ascribe to an affection of 
the optic nerve, may be due to this cause. It is beyond my present task 
to describe the methods by which the examination may be made with 
precision, but for the purpose in view a rough estimate may be formed in 
the course of the ophthalmoscopic examination. When yon throw the 
light into the eye, as for the indirect examination, if you can see the reti- 
nal veBsels distinctly, the refraction is abnormal: move your head to one 
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side, and the vessels, thns seen, appear to move: if this movement is in 
the same direction as yonr head, the eye is hypermetropic; if in the op- 
posite direction, the eye is myopic. You may further ascertain the de- 
gree of each defect in the direct ophthalmoscopic esamination, by observ- 
ing the strength of concave glass necessary for clear vision of the fundus 
if the eye is myopic, and the greatest strength of convex glaaa that does 
not blur the image if the eye is hypermetropic. Of course if your own 
eye is of abnormal refraction you must allow for this. In the further 
examination of vision each eye must he separately tested. Acuity of 
vision is ascertained hy test-types, numbered according to the distance in 
feet (or metres in the case of Snellen's test-types) at which the type 
should be distinct. The result is expressed in the form of a fraction, of 
which the denominator is the number of the test-type, and the numera- 
tor the furthest distance at which the type is read hy the patient. Thus, 
i means that the type which should be read at a distance of six feet can 
only be read at one foot. Color-vision is examined by the method of 
comparison (with wools, etc.), for an account of which I must refer you 
to books on -ophthalmology. It may also he tested !iy asking the patient 
to name colors — a method chiefly valuable when you wish to compare the 
color-vision of one eye with that of the other. By the method of com- 
parison you escape the errors arising from the common inability to 
name colors with precision, and from the uncertainty of the natural ap- 
preciation of colors, and of the sense attached by the patient to the 
names he gives. This element, which we may term the personal color- 
equation, does not come in when we merely compare the sense-impressions 
of one eye with those of the other, and we may therefore, in this case, 
ask the patient to name the colors, and often learn much regarding hia 
perception of color that can be ascertained in no other way. 

The examination of the fields of vision is of especial importance in 
the diagnosis of brain disease. For an exact examination it is necessary 
to use a "perimeter," an instrument in which an arm, in the form of a 
quadrant of a circle (graduated in degrees), rotates on one extremity, 
and thus may be made to occupy successively the various radial arcs of an 
imaginary hemisphere, of which its pivot is the centre. The patient's 
eye being opposite and looking at the pivot (his other eye being closed), 
a small white or colored object is moved along the arm in each radial 
position, and the point at which the object ceases to be Been is the limit 
of the field in that direction. The results are marked on a chart, which 
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consiBtB of radial lines {correaponding to the positions of the arm), 
and concentric circles (corresponding to the divisions on the arm). A 
line joining the points in each radial line, at which the object ceases to 
be seen, indicates the peripheral limit of the field of vision. This, as al- 
ready stated (see p. 17), is not a circle, being less extensive inwards than 
outwards, and above than below, on acconnt of the projecting nose and 
eyebrows, and the influence of these on the functions of the correspond- 
ing parts of the retina. In Fig. 13, which represents an average normal 
field, the circles and radii are not represented beyond the limits of the 
field, the circles and radii may be as numerous as you lilte; in the figure 
only those at 30° degrees distance apart are represented. The size of the 
object may be a centimetre or half a centimetre square. To ascertain 
the color-fields, a colored object must be used, and the points noted at 
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which the patient ceases to see the color, not the object. The latter can 
still be seen outside the region in which the color is recognizable, the 
fields for color being smallerthan that for white, and their Order, begin- 
ning with the smallest, is violet, green, red, yellow, and blue. An ex- 
amination with the perimeter requires time, and need only be employed 
when yon have reason to suspect that there is a limitation of the field. . 
Ton may ascertain whether there is any considerable defect by a much 
rougher method of examination. Let the patient stand opposite to you, 
and abont two feet away. Make him place his hand over the eye you do 
not wish to examine, and keep the other fixed on your eye that is oppo- 
site his, your other eye being closed. Next place your hand, midway be- 
tween yourself and him, in various places towards the limit of your own 
field of vision, and ask him if he sees it; move your fingers, if you like. 
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and ask him if he sees them move. Still bettor, place a small piece of 
white paper on the end of a dark-colored stick (a penholder answers well) 
and hold the paper in various positions all around the outer part of the 
field, or nearer the centre if yon suspect any central loss of yision, hold- 
ing it so that the light falls well upon it, and the surface, not the edge, 
is towards the patient. In this method the patient uses your own eye as 
a fixing point, and you are able to see at once if he looks away from-the 
fixing point and at the object, as he is almost sure to do at first. You 
check his field of vision by your own, and do not move the object into 
positions in which it is beyond the natiiral range of sight.' A still 
rougher method of ascertaining that there is no symmetrical hemiopia is 
the following: — Let the patient stand opposite to you with both eyes 
open, looking at you. Hold up both your hands, one on each side, as 
far apart as you can well see them. Then put them down and ask him if 
you held up one band or two. Do not ask him this while the hands ar& 
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up, or he is almost sure to look first at one and then at the other, and 
say " two." If both hands were seen there is no defect in the outer 
half of either field, and therefore no ordinary hemiopia, since, in this, 
one outer half must be defective. 

Eemember that the subjects of hemiopia are not always conscious of 
it; especially when the line of blindness does not go very near the fixing^ 
point, the loss is often unnoticed. One woman with such hemiopia was 
indignant at the suggestion that she had any defect of sight, declaring' 
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that she •' could see her husband ooming across the common before any 
one else could." In another patient the defect was not discovered until 
the nnrse noticed that the man never ate his i otatoes at dinner. They 
■were always put on the same side of hia plate and he never saw them. 
The same patient once demonstrated hia hemiopia to a gentleman in the 
fitreet, who was walking with a lady. In the patient 3 eilort to avoid the 




lady he walked right on to the gentleman. TJie subjects of this defect 
often hold the head inclined towards the blind side, so as to bring objects 
further into tho remaining part of the field, and thus see the relations of 
objects better. A hcmiopic cabman was thus able to drive hia hansom 
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abont London quite well. But if he wanted a fare he had to go on a 
rank, because if he looked about him, he was sure to run into something. 
The chief facta regarding the form of hemiopia are five, and I liave 
already alluded to some of them in speaking of the indication they afford 
of the relation of the optic path. The first is that the division may pass 
through the fixing point, or may diverge so as to leave it within the 
T^on «f vision {Fig. 13). Secondly, the line of division ia often slightly 
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irregular: the dirergence that leavea the fixing point in the region of 
vision may commence just aboTe, and end jost below the fixing point; 
or may begin some distance aboTa and extend below this. Thirdly, the lino 
of diTiaion often inclines to one side or the other, above and below (aa in 
Figs. 14 and 17), and this inclination may be in opposite directions aboTe 
and below, so as to gire rise to an oblique hemiopia (Fig. 15). All these 
Tariations are probably due to individual variations in the decussation 
of the optic nerves, and not to the seat of disease. The next fact is that 
the hemiopia may be incomplete, only a portion of each hall being lost. 
It is nsoally a segmental defect; often an irregular quadrant, as is shown 
■ in Fig. 16. This partial loss is due to partial destraetion of the visnal 
path or centre, and depends on the limited extent of the lesion (see p. 19). 
Lastly, the hemiopia may be accompanied by concentric restriction of 




the remaining half-fields, greatest in the eye on the side opposite to the 
lesion, and sometimes confined to this eye. An instance is shown in 
Fig. 17. It is probable that this occurs only when the disease is in the 
cerebral hemisphere, and not when the tract is diseased, and that the 
restriction is due to an interference with the highest visual centre, or 
with the fibres passing to it. The restriction is not always present even 
when the disease is in the hemisphere. Yon must remember, however, 
that concentric restriction of the fields may result from optic neuritis, 
and it may then be even greater than' that which results from the 
cerebral lesion. The only difference between the characters of the two 
is that the restriction from neuritis is more nearly equal in the two eyes 
than is that from central disease. 

Transient loss of sight occurs in some functional diseases of the brain, 
but its paroxysmal character precludes almost all danger of mistake. 
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In epilepsy the loss is complete, but is usually followed instantly by loss 
of consciousness. In migraine, hemiopia is common, and total loss is 
rare, but the symptom lasts, as a rule, only a quarter or half an hour. 
The affection of sight that occurs in hysteria I have already mentioned; 
there is usually considerable amblyopia of one eye, with slighter am- 
blyopia of the other, and extensive impairment of the other special 
senses and cutaneous sensibility on the side of greatest visual loss. 
The distinction I have just described to you. In hysteria there may 
be also complete loss of sight of one eye, the other being unaffected; 
but this is rare. The perfect action of the pupil sufficiently dis- 
tinguishes it. It is doubtful whether hemiopia is ever of hysterical 
origin; and this is strange, because, in migraine, hemiopia is common. 
Apparently the two affections are on different functional levels, and 
keep to them. Persistent hemiopia is almost always due to organic dis- 
ease, and its significance is therefore decided. Of a large number of 
cases of hemiopia of which I have notes, there is only one which I 
think may have been hysterical. 

Irritation-symptoms in the functions of the optic nerves are rarely 
due to organic disease, while they are common in functional disturbance. 
Intolerance of light occurs in meningitis, but is rather a cerebral than an 
ocular symptom — flight seems to distress the head rather than the eye. 
True photophobia is scarcely known in brain disease, or in diseases of 
the optic nerve. Visual discharges, subjective lights or colors, occur in 
epilepsy and migraine; in the former, flashes or points of light are com- 
mon; in the latter, the zigzag *^ fortification ^' appearance is character- 
istic. Disease near the visual centre in the cortex may cause subjective 
sensations of light, but only as symptoms of a discharge that quickly 
bursts into a convulsion. 
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SYMPTOMS (Continued): OCULAR NERVES— FIFTH NERVE— FACIAL 

NERVE. 

Gentlemen", — We may conveniently consider together the symptoms 
that depend on the three cranial nerves that supply the eyeball muscles — 
the third, fourth, and sixth. All supply external muscles; the third 
nerve also some internal muscles. Paralysis of the external muscles is 
indicated by symptoms of five kinds: (1) limitation of movement; (2) 
non-correspondence of the direction of the two eyes, i.e., strabismus; (3) 
double vision; (4) erroneous projection of the field of vision of the par- 
alyzed eye; (4) secondary deviation of the unaffected eye. The defect 
of movement is always in the direction of action of the paralyzed mus- 
cle, and is termed the ^^ primary deviation. ^^ It is most conspicuous 
when the unaffected eye " fixes ^' the object, and the affected eye is pre- 
vented seeing it by the interposition of the hand, or a piece of paper, in 
such a manner that the eye can still be observed. The " secondary de- 
viation^^ is an excessive movement of the sound eye, when this is pre- 
vented seeing the object at which the affected eye looks. If then the in- 
terposed hand be moved so as to cover the affected eye, the sound eye, 
to "fix^^ the object, has to move back again, and the degree of back- 
ward movement indicates the degree of previous excess, that is, of sec- 
ondary deviation. Both primary and secondary deviation depend 
on the circumstance that the muscles of the two eyes reserve an 
equal amount of innervation from the centre. That which suffices 
to move the sound eye into a given position is insufficient to move 
the affected eye into the corresponding position, and the innervation ne- 
cessary for this causes an excessive movement of the sound eye. Thus, 
the primary deviation being a defect, the secondary deviation is an ex- 
cess; they are in opposite directions, but both are in the line of action 
of the affected muscle. In slight palsy the secondary deviation is often 
more readily observed than the primary deviation. The patient habit- 
ually fixes with the unaffected eye, and hence the primary deviation. 
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the paralytic defect of movement, occurs whenever the ejea are bo moved 
as to hring the aflfectGd muscle into SiCtioD. The difference in the di- 
rection of the two eyea constitutes strahiamua, and from it there results 
double vision. The paralytic strahiamua may be convergent or divergent, 
or there may be a difference in the height of the two eyes, according to 
the muscle affected. The Btrahismus is distinguished from that due to mus- 
cular apaam by the fact that the latter is the same in all positions, whereas 
tlie former only occurs in the positions necessitating the action of the 
affected muscle; in spasmodic strabismus no secondary deviation can be ob- 
tiiined. Double vision is commonly present in paralysis, at least when this 
is recent, and absent in the common spasmodic strabismus. This differ- 
ence docs not depend on the nature of the two affections, hut on their 
duration. In chronic deviation of the eyes, from whatever cause, the 
patient learns to neglect the image seen with the affected eye (termed 
the "false image"), and to attend only to that seen with the sound eye 
("true image"), and may bo quite unaware of a diplopia which is at 
once conspicuous to hira if a colored glass is placed before one eye so as 
to tint one of the images. It is beet to place the colored glass before the 
sound eye. When the images are so near together that they overlap, 
the image appears to be blurred rather than double, but the colored 
glass distinguishes the two. If a colored glass fails at first to reveal the 
double image, the observer's hand may be placed before first one and 
then the- other eye, and the object will appear to change its position as 
well as its color with the change in the eye obscured. Double vision 
may be "crossed "or "simple." In crossed diplopia the image in the 
left eye is seen to the right of that in the right eye. In simple diplopia 
(usually called "homonymous" or "same-named") the image in th^ left 
eye is seen to the left of the other. When the strabismus is divergent, the 
diplopia is crossed; when convergent, the diplopia is simple. If you will 
make a diagram for yourselves of the eyes in the two positions, and of the 
rays of light from an object, you will understand this without difficulty. 
Should you find it hard to keep in mind the character of the diplopia in 
the two cases — and these simple alternatives often give much trouble to 
the student — remember that when the prolonged axes of the eyes would 
cross, the double vision is not crossed. 

The recent paralytic diplopia esists only in positions of the eyes need- 
ing the contraction of the weak muscle, ami the farther the object is 
moved in the direction of action of the muscle, the farther apart are the 
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two images. In old-standing cases some secondary contracture of f 
antagonists may give rise to diplopia in other positions, and even at rest. 
In many positions of the eyes the two images are not parallel. This 
depends on the complex associated action of oblique and straight 
muscles, with which you are doubtless already familiar. If a paralyzed 
straight muscle, in a certain position, has a tendency to rotate the globe, 
which tendency is normally counteracted by one of the oblique muscles, 
the latter producing its effect alone, causes an abnormal rotation of the 
eye. 

The " erroneous projection of the visual field " is not quite bo abstruse 
a subject as some old associations with the word " projection " may lead 
you to fear; and it is a question of much interest. We judge of the re- 
lation of seen objects to each other by the relative position of their 
images on the retina, i.e., by their relative position in the visual field; 
but we judge of their relation to our own body by the relation to it of 
the whole visual field. This depends on the position of the head and of 
the eyes, and we know this by the degree of innervation of the muscles 
that move the head, and especially of those that move the eyes. We are 
only now concerned with the latter. When the innervation of the ocu- 
lar muscles is at a minimum, the eyes are in mid-position, and we know, to 
use popular language, that an object at which we are looking is opposite 
our face; that is, that a line from the centra {fixing point) of the field 
of vision to the macula lutea would stand at right angles to the plane of 
the face. If we turn the eyes to one side, we know that an object now 
in the centre of the field is to the side of the position of the former one; 
how far to the side, we judge by the degree of movement of the eyes, 
estimated by the amount of innervation that we have given the muscles. 
I say "we judge," but there is no conscious judgment; the estimation 
is by nerve-processes of which we are unaware. If we want to touch 
this secoud object, we adjust, also unconsciously, the degree of contrac- 
tion of the muscles of the arm, so as to enable us to effect the required 
movement with instant precision. Bat if the eye muscle concerned is 
weak, the increased innervation necessary for the movement gives an 
impression of a greater movement than has really taken place, and there- 
fore an impression that the object looked at is farther on that side than 
it really is, and if the patient attempts to touch tlie object, his hand 
goes beyond it. His arm moves, in accordance with the innervation of 
the weak muscle, too far in the direction of the action of this 
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muBcle, just as the other eye moved too far in the secondary 
direction. Indoed, the erroneous direction of tlie arm corresponds ex- 
actly with the direction of the secondarily- deviating eye. But the 
knowledge of the relation of external ohjects to the body, gained from 
the innervation of the eye muscles when we look at the objects, is one 
of the most important guides to the centres that regulate the mainte- 
nance of equilibrium. The erroneous projection of the field of vision 
causes a discord between this and other guiding sensations, and one 
effect of this discord is the sensation that we call vertigo or giddiness. 
This giddiness, depending on paralysis of an ocular muscle, is termed 
" ocular vertigo," and, like other forms of vertigo, is apt to cause mis- 
takes in diagnosis. The nerve-centres, after a time, leam to accommo- 
date their action to the altered circnmstances, and both the erroneoua 
projection and the consequent vertigo cease to trouble the patient. 
When it exists, the patient may try to avoid it by liolding his head in 
Buch a position as not to call the affected muscle into action, and this will 
often put you at once upon the track of the affection. Or he may keep 
the affected eye closed, by contracting the orbicularis. He always closes 
the affected eye, because, although closing either eye would remove the 
diplopia, only closure of the affected eye removes the vertigo or uncer- 
tainty. He may thus show you which eye is at fault, when you might 
find it difficult to ascertain. If you cultivate the habit of observing 
every point, however trifling it may seem, you may often learn much of 
the nature of a patient's ailment before he has got half-way across your 



I may briefly summarize for you the chief symptoms of the paralysis 
of each muscle, I will not ask you to try to remember them now, but 
it may be convenient to you to have the summary for future reference. 
We will take, as examples, the muscles of the right side. 

Sixth Nerve. — External Rectus. — Defect of outward movement, con- 
vergent strabismus on looking to the right, with simple diplopia, the two 
images parallel on the same level in the horizontal outward movement, 
hut the false image often on a different level, and oblique, when the eyes 
are directed above or below the horizontal level. Secondary deviation 
of sound eye inwards. The head is inclined to the right. 

Third Nerve. — Int&rnal Rectus. — Defect of movement inwards, *'. e., 
on looking to the left, with divergent strabismus, and crossed diplopia. 
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the false image oblique above and below the horizontal plane. Tho head 
is inclined to the left. 

Superior Rectus. — Defect of movement upwards, and especially up- 
wards and outwards; the inferior oblique, which habitually acts with 
the superior rectus, being capable of aiding the upward and inward 
movement, it may visibly rotate the globe in so doing. Secondary devi- 
ation is by the opposite superior rectus moving the eyeball too much 
upwards. Diplopia occurs on looking upwards; the false image is above 
the other, and the difference in level is greatest in trying to look upwards 
and to the right. 

Inferior Rectus. — Defect of movement downwards, and especially 
downwards and outwards (bocauae the downward and inward movement 
is aided by the superior oblique). There is corresponding double 
vision, which is crossed. The false image is below the others, and the 
lower the greater the attempted movement; it is also oblique, especially 
on the inward movement, from the rotation effected by the superior 
oblique. Secondary deviation is by the opposite inferior rectus. 

Inferior Oblique. — Defect of movement upwards, in which position 
the muscle is an elevator (just as the superior oblique, in the inward and 
downward movement, is a depressor). The secondary deviation is also 
upwards and inwards, by the iulerior oblique and the internal rectus of 
the sound eye. Double vision exists in the same movement; the false 
image is above the other, and oblique, the obliquity being greatest in 
looking outwards, the difference in height greater in looking inwards. 

Fourth Nerve. — Superior Oblique. — Defect of movement, chiefly 
downwards and inwards, since in this position the muscle is a depressor. 
Convergent strabismus exists in looking down, and the corresponding 
diplopia is simple, the false image being the lower, especially in an in- 
ward movement, and oblique, especially in the outward movement; the 
lateral distance between the two is greatest in the middle line, and lessens 
when the object is moved inwards or outwards. The diplopia, occurring 
on looking downwards, often gives the patient much trouble in going 
down a flight of stairs, which seems to be double, and he does not know 
which flight to choose. 

Yoa must not imagine, however, that it is always possible to deter- 
mine with exactness the muscles that are affected in the derangement 
that results from brain disease. It ia generally possible when the nerves 
themselves are diseased, but in central affectioua there is often a complex 
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association of palsy and epasm that may baffle all attempts to unravel it. 
I remember, some years ago, one of the most distinguished ophthalmic 
surgeons in Europe, who knew, perhaps, more of ocular palsies than any 
one at that time living, visited the Queen Square Hospital and examined 
some patients for ua. After spending some time in the investigation of 
the defect of movement of the eyes in one case, he said: " I can tell you 
many things that it is not, but I cannot tell you what it is."' 



The special symptoms of paralysis of each ocular nerve need not de- 
tain us long, since those of the sixth and fourth nerves are the palsies of 
the muscles they supply, the esternal rectus and superior oblique. When 
the whole third nerve is paralyzed all the muscles are affected except the 
two just named; the eyeball cannot be moved upwards or inwards, and 
only slightly downwards, while the unopposed action of the external 
rectus usually canaea the eye to deviate outwards. There are, however, 
three other symptoms: the upper lid droops from the paralysis of the 
levator {ptosis); from the paralysis of the sphincter of the iris, the pupil 
is midway between contraction and dilatation, and does not contract 
to light; while the paralysis of the ciliary muscle abolishes the power of 
accommodation. 

Isolated paralysis of these muscles is usually due to disease of the 
nerves in the pons, in the cms, at the base of the brain, in the orbital 
fissure, or in the orbit; but curious associated palsies are sometimes met 
with in central disease. Loss of the upward or downward movements 
and of convergence (without loss of other action of the internal recti) 
has been observed, and is probably due to a lesion in or near the third 
nerve-nuclei or in the corpora quadrigemina, usually degenerative in 
character. Loss of the movement of both eyes to one side occurs in 
focal lesions of the brain, and has been already mentioned (p. 46). I 
will only now tell you further that this " conjugate deviation," as it is 
termed, may be the result of either paralysis or spasm. In disease of 
the hemisphere the eyes deviate in paralysis towards, and in spasm from, 
the side of the brain affected. But in disease of one side of the pons 
they may deviate in palsy from the side of the lesion. Sometimes first 
one and then another ocular muscle becomes paralyzed untU all have lost 
power, and the eyes are motionless, with a peculiar unchanging stare. 
There may also be ptosis. This affection — the progressive ophthalmo- 
plegia of T. Graefe, the ophthalmoplegia externa of Hutchinson — de- 
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pends on a degeneration of the naclei of the muscles, analogoas to that 
which, iu the cord, causes progressive mascular atrophy in the limba, 
and in the medulla obloDgata gives rise to what is termed "progressive 
labio-gloseai paralysis." 

The mascnlar mechanisms within the eye are saeceptible of four forms 
of paralysis. First, the ciliary muscle may be paralyzed, caasing loss of 
accommodation, so that objects cannot be seen well, except at a distance, 
and small print, that could only be read near", cannot be read at all. The 
contraction of the iris associated with accommodation may be lost, either 
alone or with accommodation. The reflex contraction of the iris, on 
exposure to light, may be lost alone, and so also may the reflex dilatation 
on stimulation of the skin. Combinations of these palsies often occur, 
especially of the associated action of the pupil and of the ciliary muscle, 
and of the light and skin reflexes. Loss of accommodation may also be 
combined with loss of convergence. Sometimes all the internal muscles 
are paralyzed — the ophthalmoplegia interna of Hutchinson. These in- 
ternal palsies are rarely the result of focal lesions. They result from 
I influences acting on the nerve-elements according to their function. 
I Thus, in diphtheritic paralysis the ciliary muscle especially suffers. Apart 
Pirom diphtheria the chief cause of these affections is degeneration, usu- 
•ally associated with signs of degeneration elsewhere. This is their chief 
diagnostic indication, and a very important one it is. 



Paralysis of the fifth nerve may involve the sensory or the motor 
\ parts, or both. The symptom of the former is anffisthesia of the skin 
from the vertex to the lower jaw, and of the mucous membrane of the 
nose, tongue, and mouth on that side. Ammonia and snuff no longer 
irritate the nasal membrane, hut odors can be perceived, although, after 
a time, the sense of smell is blunted from defective secretion. When the 
patient drinks, the cnp, felt only on one side, eeema broken. Food ia 
not chewed on the affected side because it cannot be felt, and often be- 
caase the muscles of mastication are also paralyzed: hence fur accumu- 
lates on that half of the tongue, as it does whenever food cannot be 
chewed on one side. There is much discrepancy of evidence aa to the 
inflnence on sensation at the back of the tougue and palate. In some 
.cuksea of disease limited to the root of the fifth nerve there is anEesthesia 
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of these parts, including the soft palate and anterior palatine arch. In 
other cases these parts have been sensitive. We do not know whether 
the difference depends on personal variations or on the position of the 
disease: probably on the latter. Similar discrepancies exist with regard 
to the affection of taste, as I have already told you (see p. 22). Taste is 
usually lost on the front of the tongue, and is certainly sometimes lost 
everywhere, even on the palate and its anterior arch. The probable ex- 
planation of this I have already given you. Trophic changes may result 
from paralysis of the sensory part of the fifth. Of these the most im- 
portant is that in the eye. The cornea becomes cloudy, then opaque; 
ulcers form upon it, and may perforate, and lead to a destructive inflam- 
mation of the globe. This " neuro-paralytic ophthalmia, ^^ as it has been 
termed, probably depends on the irritation of the nerve by the lesion 
rather than on the anaesthesia or on the mere loss of nerve-influence, and 
the irritation seems to be most effective when it involves the Gasserian 
ganglion or the fibres from the gangUon in the nerve in front of it. The 
symptom is rare when the disease is situated between the ganglion and 
the pons, and the lesion there has to be more irritative in character to 
produce the effect. 

Paralysis of the motor part of the nerve causes weakness of the mas- 
seter and temporal muscles, easily recognized if you make the patient 
*^ bite hard " while your fingers are on the muscles on each side. If the 
loss of power is slight, the weaker muscle seems to contract a little after 
the other. The paralysis of the external pterygoid causes a defect in the 
lateral movement of the jaw; this can be moved towards the paralyzed 
side, but not from it. When the lower jaw is depressed, it deviates 
towards the paralyzed side, because, in depression, the external ptery- 
goids draw the condyle of the jaw forwards; and this movement, occur- 
ring only on the unaffected side, causes a deviation. The movement of 
the hyoid bone is not perceptibly impaired; and although the tensor 
palati and tensor tympani are said to be supplied by the fifth, they do 
not seem to suffer when the root is diseased, and hence, perhaps, their 
fibres come ultimately from some other source. After a time the para- 
lyzed muscles waste, the temporal and zygomatic fossae become flattened, 
and ultimately a little secondary shortening of the muscles may limit, in 
slight degree, the downward movement of the jaw. 
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Paralysis of the face is the result of disease of the fibres or nucleus of 
the facial nerve, or of the motor path between the facial nucleus and the 
cortex. This, as we have seen, lies to the inner side of the limb-path 
in the cms, and in front of it in the internal capsule, occupying the 
angle at the junction of the anterior and posterior parts of the capsule. 
The lose of power is on the same aide as a lesion of the nerve-fibres, 
or of the nucleus in the pons; but, since the upward path decussates 
jnat above the nucleus, a lesion of the upper part of the pons, of the cms, 
or of the hemisphere, causes paralysis of the /ace on the side opposite 
to the lesion. There is another difference between the efEect of disease 
above the nucleus and that of or below the nucleus. In the latter case 
all parts of the face are affected; the eye cannot be closed, the forehead 
cannot be wrinkled, and the month can neither be widened nor firmly 
closed, the one half of the orbicularis being paralyzed. Hence the pa- 
tient cannot whistle, and he cannot "puff" ont a candle, for which com- 
plete closure and sudden opening of the lips are requisite. But in the 
ease of a supra^nuclear lesion the upper part of the face is little affected, 
and the orbicularis is scarcely weakened, the chief palsy being that of 
the zygomatici and elevators of the upper lip. The explanation of this 
has been already given in the account of hemiplegia, of which such 
palsy usually forms part. Another important difference is presented 
by the electrical reaction. In nuclear, and infra^nuclear disease, the 
nerve-fibres degenerate, and the nerve-trunk, in severe cases, can no 
longer be stimulated by any form of electricity. The muscles no longer 
respond to faradaism, since the intra-muscular nerve-fibres, on which 
only faradaism acts, are degenerated; but the muscular fibres still con- 
tract to the more deliberate stimulus of a slowly interrupted voltaic 
current, and even act to this with greater readiness than in health. 
This is termed the reaction of degeneration. I have explained its char- 
acters more fully in speaking of the diagnosis of diseases of the spinal 
cord. In the complete form of facial paralysis, the loss of muscular 
tone and action produces a strange effect on the aspect of the patient. 
In the young, in whom the elasticity of the skin largely moulds the 
features, the paralysis is little noticeable at rest, but is grotesquely ob- 
trusive on any movement of the face, one side of which may be stem and 
unbending, while the other is convulsed with laughter. In the old, 
however, the skin is inelastic, and is thrown into wrinkles by the con- 
tracture in which the muscles stereotype the emotions they have habit- 




ually expressed. When the muscles become toneless, the wrinkles dis- 
appear, and the palsy reproduces the unseared features of an earlier age. 
The contrast throws into such relief the effect of age, that patients often 
refuse to helieve that the smoother half can he unnatural, and maintain 
that the wrinkles are the morbid appearance. Indeed you can never 
place reliance on the statements of patients or their friends as to the side 
of the face that has been affected. The paralysis of the zygomatici on 
one side permits their fellows on the other to draw the mouth over, and 
far over on emotional expression. This renders the error an easy one. 
I have often heard a patient say that the unaffected half of the face 
*' must have been the side that was wrong, because the mouth was drawn 
right up to the ear." Physicians in their turn are liable to be misled in 
another way. In cases that do not recover perfectly a curious contracture 
occurs, and voluntary movements, while less in degree, spread too widely 
over the face, so that the eye closes unduly in smiling, and the corner of 
the mouth is drawn up when the eye is closed. This contracture deepens 
the naso-labial furrow; the normal side of the face may be the smoother 
of the two, and may be thought to be the paralyzed side, until the degree 
of movement is observed. This contracture, in the young, causes a 
deformity almost as serious as the earlier palsy, but in the old it has a 
cosmetic influence, bringing back the natural furrows, and rendering 
the face symmetrical. The common cause of complete palsy is neuritis 
of the nerve jiist within the Fallopian canal, or ear disease, damaging it 
in its course through the temporal bone, and you would not think of an 
intra-cranial cause (within the pons or at the base of the brain) unless 
there were other symptoms of such disease. When the nerve is affected 
at the lower part of the canal, the choi-da tympani often suffers, and 
taste is lost in the front of the tongue. It is often said that in disease 
of the nerve higher up, the palate is paralyzed, but I doubt whether this 
is true. For fifteen years I have been looking out for paralysis of the 
palate in disease of the facial nerve, and I have never seen it. I am in- 
clined to think that the opinion is due to a misinterpretation of the 
very common congenital obhquity of the uvula, and ineqoality of the 
palate. 




SYMPTOMS IN TdB EEGlOff OF THE CRANIAL NERVES (ConUnueOi : 
AUDITORY; GL03S0-PHARYNGEAL ; PNEUMOGASTRIG; SPINAL 
ACCESSORY— P'aRALYSIS OF THE LARYNX AND OF THE PALATE 
—HYPOGLOSSAL NERVE-COMBINED PALSY OF THE BULBAR 

NERVES. 

GrENTLEMEJf, — We will to-daj continue and complete our stody of 
the Bymptoms that are due to disturbance of the function of the cranial 
nerves. The auditory and bulbar nerveB remain for consideration. The 
terra "bulbar" is a convenient designation for those nerves that arise 
from the medulla oblongata. You will remember that the auditory, 
facial and sixth arise at the level of the junction of the pons and medulla, 
hut the facial and sixth ascend to their nuclei. That of the sixth ia alto- 
gether, and that of the facial in great part, above its surface attach- 
ment, while the auditory nuclei are at the level of origin of the nerve. 
The nerves below the auditory, the glosao-pharyngeal, pneumogastrie, 
accessory part of the spinal accessory, and hypoglossal, arise from, 
and have their nuclei within, the medulla oblongata, and are therefore 
those included in the term " bulbar nerves." 

Disturbances of function of the auditory nerve are occasionally im- 
portant symptoms of brain disease, but they are so far more frequently 
due to derangement of the delicate and complex organ of hearing that 
the presumption is always in favor of an aural rather than of a cerebral 
cause. The symptoms of disturbance are three — deafness, tinnitus, 
vertigo. Deafness may be tlie result of impaired conduction in the 
nerve, or of disease of its centre. Tinnitus aurlum, or " noises in the 
ears," is due to irritation of the nerve or its central or peripheral termina- 
tions. Vertigo results from interference with the fibres that are dis- 
tributed to the semicircular canals, and subserve, not hearing, but per- 
ception of the position aad movement of the head — the fibres that Cyon 
calls the "space nerve" (an inapt designation, although the only o»e 
that has been given to this important part of the auditory nerve). 
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The deafness that is due to disease of the auditory nerve is the same 
in character as that which is due to disease of the labyrinth in which the 
nerve-fibres end, but it is aliarply distinguished from that due to impaired 
conduction through the tympanic cavity (middle ear) or external me- 
atua. The distinction is that the latter impairs hearing through the 
air, but leaves unafiected the perception of sounds conducted through 
the bones of the skull. The former alters both alike. One mode of 
ascertaining this is with a tuning-fork, and the teat depends on the 
fact that the hearing through the air ia normally rather more acute than 
that through the bone. A vibrating tuning-fork ia held in contact 
■with some part of the skull, say the parietal eminence. As soon as it 
ceases to be audible it is removed from the skull, and held opposite the 
auditory meatus. It should be atill distinctly heard. If it is not, there 
is impaired conduction through the meatus or middle ear, and the 
former can readily be excluded by the speculum. If the tuning-fork 
is still heard, any deafness must be of nerve origin, i.e., due to diaeaee 
of the auditory nerve or nerve-endings in the labyrinth. The watch 
affords another test that is of great practical importance, not merely on 
account of its convenience, but because it is even more delicate than the 
tuning-fork, since perception, through the bone, of the short high- 
pitched sound of a watch is, for some reason, often impaired out of all 
proportion to the loss to the tuning-fork. The meatus should be closed 
by pressing the antitragus over it, the watch held close to, but not touch- 
ing, the zygoma, and the patient asked if he can hear it. It ahoold 
then be pressed firmly on the zygoma. In health it can acarcely be heard 
in the former position, but the sound becomes loud as soon as it is pressed 
against the bone. This is the case also in disease of the middle and ex- 
ternal ear. In disease of the labyrinth and nerve, it is common for 
the sound to be quite inaudible when the watch is in contact. When 
this is the case we can be quite sure that there is nerve-impairment. 
Indeed, a caution is necessary on account of the delicacy of the test. 
Many persons, especially after middle life, have lost the power of hear- 
ing a ■watch through the bone, when they are conscious of no impairment 
of ordinary hearing. This ia no doubt due to pathological changes in 
the labyrinth, for the change is often one-sided, and many of these per- 
sons suffer from tinnitus or vertigo. If the sound is still hoard through 
the bone, although not so loudly as in health, ■we cannot infer disease of 
the labyrinth or nerve, because simple anchylosis of the stapes will leaaen 
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perossea! hearing (since some vibrations pass through the chain of 
bones), but no disease of the middle ear will extinguish all hearing 
through the bone. Galtou's whistle, by which a very high-pitched note 
is produced, may also be used to test the hearing of such continnoua 
souiida, but the pathological significance of their loss has yet to be de- 
fined. Very rarely a limitation of hearing exists, analogous to the limi- 
tation of the field of vision. It probably occurs chiefly in degeneration 
of tho optic nerve. Thus, a patient with locomotor ataxy and optic 
nerve atrophy, who doubtless has also atrophy of the auditory nerve, has 
gradually become considerably deaf to all sounds, and is absolutely deaf 
to the loudest musical notes above B of the treble clef, and below the 
lower G of the bass.' 

Deafness from intracranial disease is usually due to disease of the 
nerve at the base of the brain, less frequently of its nucleus in the me- 
dulla. It very rarely results from disease of the auditory centre in the 
first temporo-Bphenoidal convolation, and ia then on the side opposite to 
the disease. Bilateral deafness may be due to damage to both auditory 
nerves, and I have also known it to be produced by a tumor of the cor- 
pora quadrigemina damaging tho upper layer of the tegmentum of each 
crus cerebri, in which the auditory path lies. From symmetrical dis- 
ease of the cortical centres it ia extremely rare. But deafness on both 
sides is frequently due to symmetrical labyrinthine disease. 

Subjective noise, tinnitus aurinm, is, like deafness, usually aural in 
origin. It may result from almost any disease in any part of the ear. 
It may he due to an abnormal sensitiveness to the movements that are 
normal in the ear — of the blood in the vessels (especially in the internal 
carotid), or of the muscles within the tympanic cavity, — or it may be 
due to an abnormal increase of these movements, e.g., to an increased 
vibration of the moving blood in anasmia, or in carotid aneurism. It may 
be due to pressure on the auditory nerve, or to irritation, functional or or- 
ganic, of the auditory centres. Its characters are extremely varied. The 
first point to be ascertained is whether the sound is pulsatory or continuous. 
In the former case the pulsation will he found to be synchronous with the 
heart's action, and the sound probably has its origin in the ear. Such a 
sound has been known to be due to an aneurism, and to be audible on 
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Since the above waa written, the range of hearing has gradually become fur- 
ther restricted, until only tlie notes between the two B'a of tho treble cief obm be 
perceived. Even the lower E flat is inaudible. 
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auscultation of the skull. This is the only case in which a murmur ia 
so audible, and bo the diagnostic significance of the phenomenon is great, 
although it ia extremely rare. Sounds that are due to irritation of the 
labyrinth or nerTS, or are of central origin, are usually (though not al- 
ways) continuous, and not pulsating. The next important fact is the 
elaboration of the sound. Sounds that are of simple character, " rum- 
bling," "buzzing," " hissing," " whistling," may be of either local or 
central origin, hut those that are of high elaboration, such as bells or 
music, are generally, the latter always, of central origin. I have known 
the sound of bells ringing to be the aura of epileptiform conyulsions due 
to a tumor beneath the first temporal convolution. We have little defi- 
nite knowledge of the relation of tinnitus to disease of the auditory nuclei 
of the medulla, but the sound of a loud crash has attended the onset of 
acnte lesions in the viciaity of the nuclei. Whether the sound is re- 
ferred to the ears, or vaguely to the head, is of little diagnostic im- 
portance. Intense bilateral sounds of subjective origin are nsualiy re- 
:ferred to the head, and not to the ear. Tinnitus and deafness are often 
associated, and must then be ascribed to the same cause. The vertigo 
that results from affection of the auditory nerve will be considered in 
connection with other forms of vertigo. 



The glosBo-pharyngeal nerve and the pneumogastric need not detain 
"ua long, since their isolated affection forms a leas frequent factor in the 
diagnosis of brain disease than does a general derangement of their func- 
tion. This may occur from a severe lesion in any part of the brain, but 
is most conspicuous when the disease is in the medulla oblongata. We 
will consider subsequently the chief symptoms that are due to derange- 
ment of the visceral functions of the pneumogastric, and deal now 
only with two effects of the impairment of these nerves — paralysis of the 
pharynx, and paralysis of the larynx. With these, however, we may, 
for reasons that will appear as we proceed, most fitly consider the para- 
lysis of the palate. 

The motor nerve-supply to the pharynx is derived from the pharyn- 
geal plexus, into which both the gloaso-pharyngeal and pneumogastric 
enter largely, and we do not know from which of these nerves the mo- 
tor fibres come. In paralysis of the pharynx, swallowing is difficult; 
food is apt to lodge, or get into the larynx, and particles may even find 
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their way into the lower air-passages, and, after a time, set up chronic 
dieease in the lung. Paralysis oC the pharyns is rarely an isolated symp- 
tom of brain disease, and its diagnosis is not diflicnlt. I have known it 
to be mistaken for cancer, but an examination should prevent the er- 
ror. Palsy is painless, while cancer rarely is, and the former is usually 
accompanied by loss of power in adjacent parts. 



You will remember that the larynx receives only sensory fibres from 
I the pneumogastric proper, its motor fibres coming entirely from that 
part of the spinal accessory that joins the vagus. You will remember 
also that the suiierior laryngeal nerve contains the sensory fibres for the 
Tocal cords, and for the larynx above them, and motor fibres for the 
crico-thyroid muscle, while the inferior or recurrent laryngeal supplies 
all the other muscles that act on the glottis, and contains the sensory 
fibres for the larynx below the vocal cords. The vocal cords are ab- 
ducted, and the glottis opened, chiefly by one muscle — the posterior 
crico-thyroid — which passes upwards and outwards froin the back of the 
thyroid to the outer muscular process of the arytenoid; and, drawing this 
back, moves the vocal process outwards. The cords are adducted, and • 
the glottis closed, by several muscles, of which the most important ia 
the lateral crico- arytenoid, which, passing backwards from the side of 
the cricoid cartilage to the outer process of the arytenoid, moves ihia 
forwards, and is thus the opponent of the posterior muscle. But the 
outer fibres of the thyroid-arytenoid muscle, which pass, parallel to the 
vocal cord, from the thyroid cartilage to the muscular process of the 
arytenoid, have a similar although feebler action. This closing rota- 
tion of the arytenoids is supplemented by the arytenoideus, which, pass- 
ing from the back of the one to the back of the other arytenoid carti- 
lage, brings the two together. The vocal cords are lengthened and 
made tense by the cri6o-thyroid, which draws back and slightly tilts 
the cricoid cartilage, and thoy are made tense or las in parts by the inner 
fibres of the thyro- arytenoideus, which end at different points along the 
cord. But the muscular mechanism must be much less simple than 
this. In the case of some muscles, all the fibres have not the same di- 
rection, and may have different actions according to their association. 
Doubtless, in the delicate and varied actions that produce vocal sounds, 
complex associated actions of the fibres are concerned. 

The symptoms of paralysis are threefold — altered phonation, de- 
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ranged regulation of the entrance of air in breathing, and defective 
movement (observable with the laryngoscope). The phonic and respi- 
ratory functions of the glottis are subserved by the same muscles and 
the same nerves, but by centres that must differ in their anatomical con- 
nection, if they do not in their anatomical position. After death, the 
vocal cords are in a position of slight abduction from the middle line, 
and this, termed the " cadaveric position," must be regarded as that of 
mnacular relaxation — of that rest which, during life, they never actu- 
ally attain, since they move with every bi'eath. Tliey move farther 
apart dnring inspiration; they come nearer together during expiration; 
while in phonation they are brought very near together and made more 
tense. In total paralysis of all the muscles, the cords are in the cada- 
veric position, and do not move with breathing or on an attempt to pro- 
duce sounds. Instead of the natural explosive cough there is only a 
msh of air through the glottis. There is some stridor on a forcible 
inspiration. If only one vocal cord is completely paralyzed, some hoarse 
phonation may still be possible by extreme adduction of the normal 
cord, and its abduction prevents inspiratory stridor, but a proper congh 
is still impossible. Such one-sided palsy may result from disease of the 
nncleoa of the spinal accessory in the medulla, of its root at the surface 
of the medulla, of the trunk of the vagus, and even of the recurrent 
laryngeal, since the escape of the crico-thyroid in the latter case does not 
materially modify the symptoms. Hence the palsy itself does not help 
us to determine the position of its cause. 

In other cases of bilateral palsy the cords are nearer together than the 
cadaveric position. They can be approximated for voice or cough, and 
■when the effort is over, their elasticity may make them recede a little; 
but they cannot he abducted even as far as the cadaveric posture, and 
the normal separation during inspiration does not occur. This is called 
paralysis of the abductors, the posterior erieo-arytenoids. The longer 
the palsy lasts, the closer together are the cords, in consequence of a 
secondary contracture of the unopposed adductors. The cords being al- 
ways in the position of phonation,, voice is little afEected, but the ab- 
sence of the normal separation during inspiration causes a serious 
impediment to respiration, since the inrushing air brings the cords still 
nearer together, and causes a loud inspiratory stridor, and dyspncea on 
the leaet exertion. Tlie absence of expiratory stridor distinguishes the 
dygpncea from that due to tracheal stenosis, and, together with the 
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integrity of the yoioe, distinguiahea this from any other laryngeal afEec- 
tion. The condition is one of considerable danger, since the least 
catarrhal swelling of the mucoua raereibraiie may necessitate immediate 
tracheotomy to prevent suffocation. If this abductor palsy ia one-aided, 
the Bympfcoms are alight or absent, and the diagnosis can be made 
only by the laryngoscope. The moat frequent oauae of abductor 
palay ia central degeneration; but it sometimes occurs, strange to aay, 
in severe hyeteria, efen, as I have seen, in extreme degree. Equally 
strange is the well-established fact that it may result from disease of the 
recurrent laryngeal, which, supplying the addiictora alao, should cause 
only a total palsy. This has given rise to much speculation aa to its 
mechanism. Some light seems to be thrown on it by the fact that 
electrical stimulation of the recurrent laryngeal also causes addnction, 
although all the muscles, adductors and abductors, must be equally 
stimulated to over-action. This must be due to the greater power of the 
adductors, perhaps also to the mechanical advantage at which the chief 
adductor, the lateral crico -arytenoid, acta, in comparison with the abduc- 
tor, the posterior crico-arytenoid; since the former passes nearly at right 
angles, the latter at a very acute angle, to the muscular process of the 
arytenoid cartilage. A force acts on a lever at greatest advantage when 
applied at right angles to the lever. The effect of a general under- 
action may be to impair the effect of the abductors more than than that 
of the adductors, just aa the general over-action on electrical stimula- 
tion increases the effect of the adductors out of proportion to that of the 
abductors. According to this esplanation, the abdnctor palsy would be 
the effect of paralysis of the recurrent, when it is incomplete in degree, 
although not necessarily partial in distribution; while the total palsy 
with cadaveric posture would be the result of complete paralysis. In har- 
mony with this ia the fact that in progreaaive diaeaae of the recurrent.an 
initial abductor palsy haa been observed to pass into total palsy (Schech, 
Rosenbacb). In some cases, as Eiegel suggeats, aecondary contracture 
of the crico-thyroid may aid in causing the adduction; but since 
adduction is often absent in total recurrent palay, the influence of this 
contracture cannot be great. When the palsy is first, and for long, of 
the abductor type, aacondary tissue -changes in the preponderating 
adductors may perhaps maintain the glottis in adduction, even wheu the 
palsy has become complete. 

In simple adductor palsy the cords are apart, and cannot be brought 
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together, but further abduction occnrg in deep inspiration. The cords 
are not approximated in speech, and so the patient ia Toiceleaa, bnt they 
can still be brought together in coughing. Hence it has been termed 
by Turck, " phonic paralysis."' This is the cause of hysterical aphonia, 
but ia scarcely ever produced by organic disease. It is readily distin- 
gnished, by absolute voicelessneas and perfect cough, not only from 
other laryngeal palsies, but also from other diseases, suoh as catarrhal 
laryngitis, in which there is a hoarse attempt at phonation. 

These laryngeal palsies can be diagnosed with certainty only by the 
aid of the laryngoscope; but the symptoms themselves often justify a 
strong suspicion of the nature of the affection, and it may be well to put 
them before you in the form of a table. You will see that the inability 
to effect an explosive cough is of great significance, and should lead yon 
to suspect a palsy, probably of organic origin; you will observe that if 
voice is also entirely lost, the palsy must be double. If voice is preserved 
and cough lost, you suspect one-aided palsy. Loud inspiratory stridor 
with preserved voice means double abductor palsy; a normal cough and 
no ToicB or stridor signifies an unimportant adductor palsy. 



No voice; no cough; stridor 
o^y on deep inepiration. 

Voice Ifiw-pitched and hoarse; 
no cough; stridor absent or 
alight on deep breathing. 

Voice little changed; cough 
normal; iuBpiration difficult and 
long, with loud stridor. 



Both corda moderately ah- 
ducted and motion lew. 

One cord moderately abduct- 
ed and motionless, the other 
moving freely, and even be- 
yond the m.iddle line in pho- 

Both cords near together, 
and during inspirati 
separated, bu' 

One cord near the middle 
tine not moving during inspi- 
ration, the othit normal. 

Cords normal in position and 
moving normally in respira- 
tion, but not brought together 
on an attempt at phonation. 






Total bilateral 

Total unilat- 
eral palsy. 



Total abductor 



The nerve-supply to the palate is one of those points in anatomy that 
urgently require re-investigation. The most important muscle is the 



much more exact term than his attractive but loose antithetic designation 
"respiratory paralysis" for abductor paley. 
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levator palati, which receives a nerve from the sph en o -palatine ganglion, 
but the nltimate origin of its fibres is cert.ainly not from the fifth nerve. 
They are usually said to come by the Vidian from the facial, bnt they 
probably really come from one of the bulbar nerves, either the glosso- 
pharyngeal or spinal accessory. Paralysis of the palate results front' 
disease of these bulbar nerves (at the surface of the medulla) or of thft 
bulbar nuclei. It is doubtful whether it over results from disease of the 
facial nerve, and certainly it does not from disease of the fifth. The 
centres for the palatine muscles are especially obnoxious to the mysteriouB 
influence that diphtheria leaves behind it, and this is the most frequent 
cause of simple palsy of the palate. In total palsy, the soft palate hangs 
low and flaccid, the uvula is long, and iio movement occurs in drawing & 
deep breath, in phonation, or on tickling the mucous membrane. The 
posterior nares are no longer closed. Hence during swallowing, liquids 
are apt to come back through the nose; during speaking there is a nasal 
resonance, and the explosive consonants, as p and S, are no longer proper- 
ly articulated, because the patency of the narea prevents the necessary 
compression of the air in the mouth, and they are transformed into m. 
In unilateral palsy these symptoms are absent. All the muscles, even of 
one side, are rarely paralyzed, since unilateral palsy is scarcely ever due 
to disease of the centre (which afleets both sides), and the course of the 
fibres to the different muscles is not the same, and therefore a lesion does not 
affect all of them. The palate at rest presents little change in unilateral 
paralysis. On one side it may be a little lower than the other. The 
uvula may hang a little to one aide, but palsy never causes any carve in 
the uvula, and no abnormal position of the palate or uviila can be due to 
paralysis, unleaa it is increased on movement. The most important 
symptom of oue-sided palsy is recognized only on movement. At rest, 
the palate may appear equal, but if the patient is made to say " ah," the 
base of the uvula deviates a little to the unaffected side, and a littli 
this side of the middle line, about midway between the arch and the 
hard palate, a slight dimple forma, while the unparalyzed side remaina 
smooth. The difference is obvious and characteristic. There is no devia- 
tion of the uvula. The difference between the two sides, on movement, 
evidently depends on paralysis of the levator palati. It occurs together 
with paralysis of the tongue and vocal cord on the same side, when there 
is disease at the side of the medulla damaging the hypoglossal and spinal 
accessory nerves. This was first pointed out by Dr. Hughlings-JackBoiu 
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"Whether the paralyaia depends on the disease of the spinal accessory, or 
on disease of t!ie adjacent glosso-pharyngeal, is uncertain, but the 
association leaves no doubt that the motor flbrea for this, the moat im- 
portant of the palatine muacles, come from one of these bulbar neiTea. I 
have known the same three palsies (tongue, palate, and vocal cord) to 
result from a deep-aeated tumor in the upper part of the neck, which 
must have damaged the nerves outaide the skull. 

When the accessory part of the spinal accessory is injured by diBease 
at the foramen magnum, the spinal portion may suffer also, causing 
wasting and loss of power of the sterno -mastoid and upper part of the 
trapezia a. 



I oausei 



lisease of the hypoglossal nerve, outaide or within the medulla, 
causes paralysis of the same half of the tongue; and disease of the motor 
tract above the nucleus causes paralysis of the opposite half of the tongue. 
Disease of the nucleus itself almost always causes paralysis of both sides 
of the tongue, because degeneration affects both nuclei, and the two lie 
so near together that both auffer in acute lesions. In one-sided palay, 
the tongue, at rest, is in its normal position in the mouth, but the baae 
is higher on the paralyzed side, owing to lack of tone in the posterior 
fibres of the hyoglossus. Within the mouth, movement is deficient to- 
wards the paralyzed side, but on protrusion the tongue deviates from 
the sound, and towards the paralyzed side, being pushed out and over by 
the unaffected genio-hyoglossus. In bilateral palsy the tongue lies mo- 
tionless within the mouth, and cannot be moved. In disease of the 
ner\-e or nucleus, the tongue usually wastes, and the mucous membrane 
Ilea in irregular folds over its surface. 



The process of articulation is effected by the muscles supplied by 
these bulbar nerves, and its impairment always constitutes an important 
symptom of their disease, or of disease in the part of the brain from 
which they arise, and in which a complex atruotural association sub- 
serves the conjoined action of the various muscles concerned in the pro- 
cess. Articulation consists in stopping and varying the outgoing cur- 
i rent of air, which ia often thrown into vocal vibrations, on which the 
] process of articulation effects more elaborate and perfect modulations 
^^l^u it can in merely whispered utterance. lu the whole scries of m»ve- 
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Pmenta that can be effected by the muscles of man, there are none com- 
parable to these in exquisite delicacy of adjustment, and in the infinite 
diTersity of result that a few simple muscles caTi produce by their com- 
bined action. It is not surprising that commencing failure of the ad- 
justment of nerrous action should be manifested in these sooner and 
more than in any other mechanism. There are two chief forms of de- 
fect of articulation. The first is due to paralysis of the mnscles, and in 
this the loss of power can be recognized in other movements. The pre- 
cise form of defect depends on the muscles that are weak, and this I have 
already alluded to, and will return to in a moment in speaking of the 
combined palsy. In the other variety there is no actual paralysis, but 
the delicate adjustment is at fault. Syllables are run together, in what 
I may be termed " confluence of articulation; " the ends of words are not 
^ -well pronounced, are even elided; or the syllables may be unduly sepa- 
rated, in what is termed, from a musical analogy, " staccato " utterance. 
The most delicate of all the movements is that involved in the pronun- 
ciation of r, and it is in this that the commencing defect is often most 
conspicuous, as by making the patient say " truly rural." Often there 
is a peculiar drawl, and this may be combined with elision of syllables. 
In many cases, and especially in the paralytic defect, the patient can 
utter a word by a deliberate effort much better than he does in habitual 
speech. 



Before leaving the subject of the symptoms of the cranial nerves, one 
other subject should be noticed. Certain of these nerves are liable to 
suffer together from disease of their nuclei, usually from degenerative 
disease. The nerves thus associated in disease are the two groups of 
motor nerves that are associated in function. The first group is that of 
the nerves for the eyeball muscles, and its disease causes the progressive 
ophthalmoplegia that I have already mentioned. The other group is that 
of the nerves for the complex series of muscles of the orifice and upper 
part of the respiratory passages, mouth, throat, and larynx — the fibres 
of the facial for the orbicularis oris, the hypoglossal, the fibres to the 
palate, perhaps from the glosso-pharyngeal, those that give motor power 
to the pharynx, and the laryngeal fibres of the spinal accessory. Before 
considering the associated palsy that results from nuclear degeneration, 
I may remind you of the associated one-sided palsy of tongue, palate, 
and larynx, which I have jnst described as the result of disease outsida 
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the medulla. The tongue deviates to one side; the middle of the soft 
palate is drawn to one side when it is raised, and if the larynx is exam- 
ined, the vocal cord on that side is seen to be motionless. These symp- 
toms are due to damage to the roots of the hypoglossal, spinal acces- 
sory, and perhaps also of the glosso-pharyngeal. 

In the associated nuclear palsy — " bulbar paralysis,^^ as it is often 
termed — ^the paralysis involves the same parts, tongue, palate, and vocal 
cord; but it is bilateral, and its functional distribution is more complete, 
Ednce the lips and pharynx are usually also involved. You will remem- 
ber what I said of the central relations of the nerve-fibres for the lips: 
although they run in the facial nerve, they must be derived from nerve- 
cells that have the most intimate connection with those for the transverse 
muscle of the tongue, and the two may even be derived from the same 
nucleus. The association of the lips with the other parts caused Du- 
chenne to give to the disease the name labio.-glosso-pharyngeal paraly- 
sis,^^ by which it is still often known. The symptoms are, as it were, 
grouped about the tongue as a centre, and it is in the delicate movements 
of lingual articulation that the first symptoms occur — ^a clumsiness in 
the pronunciation of the lingual consonants I, r, n, t, and s. Subse- 
quently the degree of protrusion of the tongue becomes impaired, until 
at last only the tip can be put beyond the teeth. It is often conspic- 
uously wasted. The early weakness of the lips prevents whistling, and 
the labial explosives b and p become /, and v becomes u. This trans- 
formation is assisted by the weakness of the palate, which ceases to shut 
off the nasal cavity, and so interferes with the compression necessary 
for explosive sounds; hence also nasal resonance persists in all sounds. 
Swallowing becomes difficult; liquids regurgitate into the nose; food 
gets into the larynx, and this may be so paralyzed that the glottis cannot 
be closed, and an explosive cough is impossible. Ultimately a low, 
hoarse vocal sound is all that remains of speech; but it is rare for the 
paralysis of the larynx to be complete. 




SYMPTOMS (ConHnued): MENTAI, DISTURBANCE— LOSS OF C0N8CI0TI8- 

NE8S — APOPLEXY — DELIBniM — MENTAL WEAKNESS— LOSS O/ 
MEMORY. 

Gentlemen, — The Bymptoms that have hitherto engaged our atten- 
tion are the derangementa of special functions subserTcd by special 
nervous structures. Those that we have now to consider are more gene- 
ral in nature, and the symptoms caused by their derangement are for the 
most part "diffuse." It is convenient to consider with these some symp- 
toms that are "focal," hut which are closely allied to those that are 
general. Thus it is better to study defect of speech, a focal symptom, 
after we have considered derangement of mind, a general symptom. 

The highest functions of the brain are those concerned in mental pro- 
ceases, and the derangement of these is a frequent and obtrusive effect of 
organic brain-disease. But these symptoms do not stand in the special 
and pre-eminent relation to such disuase that might reasonably be anti- 
cipated. The highest cerebral functions are so readily disturbed, that 
their derangement is less frequently the result of organic brain-disease 
than of changes in the blood, on the one hand, or of the minute altera- 
tions of nutrition that we term functional disease, on the other hand. 
The moat significant disturbance from organic disease is the coarsest, such 
as unconsciousness. The slighter disturbance, such as delirium, derives 
its significance from its associations, not from its simple presence. 

We may consider first the profound and important mental symp- 
tom that 1 have just mentioned — loss of consciousness. Eemember that 
the terms "conscious" and "cousoiousnesa" are used in two senses: 
first, to signify subjective knowledge of the occurrence of mental pro- 
cesses; and secondly, outward manifestation of such processes. In 
medical language the words are chiefly used in the second of these two 
senses. A patient is said to be " unconscious," or to have " lost con- 
sciousness," when there is no evidence of mental action, either sponta- 
neous or in response to attempts to elicit it. The term "insensible" is 
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often applied to the same conditioii. Another confusion is introduced 
by the use of the term " conscious of," or "unconscious of," in the 
sense of cognition, or its absence. Thus a delirious patient is said to 
te unconscious of what is occurring around him^ although he is not said 
to be nnconacious. 

Loss of consciousness may occur suddenly or gradually, may be com- 
plete or incomplete. The variations may be in the degree of subjective 
consciousness, or of the external manifestation of consciousness; and it 
is to the latter that the term "partial Iobb" is usually applied, as, for 
instance, to the condition in which a patient lies apparently asleep, but 
opens his eyes when spoken to, immediately relapsing into sleep. This 
condition is often termed "stupor." Complete unconsciousness, last- 
ing more than a few minutes, is termed "coma." In both conditions 
there is usually imperfect control over the sphincters. In stupor, the 
reflex action on the limbs is preserved, and sometimes increased; the 
patient swallows automatically liquid placed in his mouth; the pupils 
act to light. In coma, the reflex action in the limbs is usually lessened 
and often lost. Muscular tone gives place to flaecidity, and with this 
change myotatic irritability often disappears. The pupils may be widely 
dilated or small, and do not act to light, at any rate when the coma is 
deep, and then the conjunctival reflex is also lost. The act of swallowing 
may or may not be possible; in deep coma it ia lost, and the palate, 
sharing the muscular relaxation, vibrates under the current of air, and 
causes the peculiar " stertor " which is a familiar indication of the depth 
of coma. Even the respiratory movements are lessened, in eonsequenCe 
of lowered activity of the respiratory centre; they become shallow, in- 
frequent, and sometimes present rhythmical variations of intensity, in 
what is termed the " Cheyne-Stokes breathing" — alternating periods of 
decreasing and increasing depth of breathing, separated by a pause. The 
lessened breathing fails to clear the air-passages of the secretion in them; 
this accumulates in the bronchial tubes, and is often erroneously regarded 
as evidence of bronchitis; finally, mucus collects in the trachea, and 
causes the well-known harbinger of death. 

Consciousness may be impaired by almost any one of the many morbid 
processes to which the brain is liable, whether acute or chronic. It re- 
sults from chronic and subacute disease chiefly when this damages a 
considerable area of the cortex, either directly, or indirectly by causing 
a rapid or extreme increase iu the intracranial pressure. It results from 
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I flndden lesions in any part of the brain, and is then usually sudden in 
I onset, and termed "apoplexy." 

Of all the sudden lesions that cause apoplexy, intracranial heemor- 
I rliage is tile most effective, and the most frequent; hence " apoplexy " 
f- has come to be a synonym for internal hEemorrhage, whatever be its 
Laeat, Next in frequency is the sudden occlusion of a large artery by a 
I plug brought from a distance (embolism), or formed in silu (throm- 
I bosis). It may result from congestion of the brain, although it does so 
I iar less frequently than is commonly supposed. A similar sudden loss 
I of consciousness may occur in the old without any visible lesion of the 

brain to which it can be ascribed. This has been termed " simple apo- 
1 plexy." In senility the brain shrinks; the space between the convolutions 
I ia occupied by serum. This change, which is common in the old, and 
I Tfithout significance, when found in old persons who had died of simple 

apoplexy, was thought to be important, and the causeof death; hence the 
I condition was termed " serous apoplexy " — a disease that has no real ex- 
t istence, although the name still survives, and now and then finds its way 
I into certificates of death. 

The characteristic of apoplexy is sudden loss of eonscionsness, not 
I due to any cause outside the nervous system, such, for instance, as fail- 
[ ore of the heart's action or a poison in the blood. The onset may be 
I sudden; the patient falls as if " struck " down by some unseen hand, — 
Lan idea that is fossihzed in the name, and in its English synonym, 
"stroke." Sometimes the onset is gradual; consciousness slowly 
I fedes; stupor slowly deepens into coma; and this has been termed " in- 
l.gravescent apoplexy," The face may be flushed or pale; it is rarely very 
Often the heart and arteries pulsate strongly, but sometimes less 
Ifreqnently than normal. The temperature is usually at first depressed; 
Lits subsequent course varies with the cause of the apoplexy. An excep- 
■,tion to the initial depression of temperature is presented by active lesions 
I of the pons, which, whatever be their nature, are sometimes attended 
■ ■with a rapid rise of temperature, that may, in an hour, reach 105° to 
1 10G°. If the attack is one of moderate severity, refiex action soon re- 
I turns, and in the course of a few hours some indication of returning con- 
I flciousnesa can be perceived. On the other hand, the coma may deepen, 
I and the interference with breathing, already described, may come on. 
I In most cases the symptoms of apoplexy are accompanied by those of a 
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commonly by those of hemiplegia, previously d 



local cerebral 1 
tailed. 

The Bymptoms of apoplexy are thoae of lowered cerebral function, 
beginning at the highest, and extending downwards to lower cen- 
trea in proportion to the depth of the coma. Its precise mechanism has 
been much discussed, but is a matter of theoretical rather than of prac- 
tical im.portance. It ia easy to frame a simple and satisfactory hypothe- 
sis of the way it is produced by any one lesion, but tho variety of its 
causes shows that more than one mechanism may be concerned in ita 
production, and suggests that its origin is comples in every case. Sud- 
den increase of intracranial pressure causes loss of consciousness, but in 
what degree the result ia dne to the mechanical action on the nerve- 
elements, or to auEomia from the compression of the capillaries, ia un- 
certain. This mechanism ia doubtless effective in cerebral hfemorrhage, 
but it 18 probably not the sole mechanism, even in this case, because 
apoplexy may result from a very small haemorrhage, and conseiousneaa 
may be lost at the very onset of a htemorrhage. The sudden occlusion 
of a vessel will cause apoplexy, but cannot do ao by its influence on the 
intracranial presaare. Attempts that have been made thus to o.\plain 
it are remarkable chiefly for their ingenuity. In most cases of apoplexy 
there is a audden damage to the cerebral tissue. Sudden arrest of blood- 
supply constitutes a damage as effectual as laceration. Hence it is prob- 
able that one element in the production of the loss of consciousness is 
the inhibitory effect of the irritation of the lesion. We have evidence 
of a downward influence of this character in the initial loss of muscular 
tone and muscle reflex action {e.g., in the loss of the knee-jerk'). A 
aimilar upward action, inhibiting the highest centres, is probably the 
canse of the initial loss of consciousness, the prolongation of which may 
be helped by other mechanisms, such as increased pressure. All lesions 
are effective in proportion to the rapidity with which they are produced. 
Experiments, for instance, show that the amount of intracranial pres- 
sure needed to abolish consciousness has to be ten times greater when 
slowly than when rapidly produced. 

The diagnosis of the cause of apoplexy we shall consider when we 
come to the last part ot our aubject — to the indications of the nature of 
the brain disease, — but I may briefly point- out to you some of the chief 
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differences between the coma of cerebral origin and that which may result 
from causes outside of the nervoua Bystem, or from cerebral derangement 
that is merely functional in character. In all eases the most important 
point is to search carefully for any evidence of a local cerebral lesion, 
and especially for the indications by which hemiplegia can be recog- 
nized during the state of coma. These I have already described to you 
(p. 46). The reflex actions are of especial importance. If these are all 
perfectly normal, this is, in the absence of other decided symptoms, 
against the existence of a cerebral lesion. An abnormal condition of 
reflex action is in favor of it, and is almost conclusive if the abnormal- 
ity is unilateral. 

We will take first the functional disorders of the nervous system. A 
patient may be unconscious for an hour or two after an epileptic fit, 
and this may be mistaken for apoplexy with a convulsion at the onset. 
Such a difficulty can scarcely arise unless the history of the patient is 
unknown, since first convulsions are rare, except in those in whom ce- 
rebral apoplexy is also rare. Poat-epileptic unconsciousness resembles 
sleep more than it resembles coma. The patient can be readily roused. 
The temperature is nearly normal— never below normal, as it often is in 
apoplexy, — and unilateral symptoms are absent. The convulsions that 
' cause transient post-epileptic hemiplegia are always one-sided, and are 
not followed by such deep sleep as to raise the question of a possible 
cerebral lesion. The patient soon emerges from the mental obscurity 
that follows an epileptic fit, and often at once passes into a normal con- 
dition, but occasionally is still •' befogged " for a longer or shorter 
time — in a wandering, stupid state of mind, that is itself very charac- 
teristic. 

The state of unconsciousness that occurs in rare cases of hysteria 
simulates apoplexy less than it resembles the coma due to leas rapid ce- 
rebral processes, such as meningitis. A patient, for instance, after a 
period of headache, becomes unconscious, swallows what is put in the 
mouth, but cannot be roused. The diagnostic indications are the age 
and sex of the patient, who is usually either a female or a boy; the ab- 
sence of any cause of a cerebral lesion; the history of other symptoms of 
functional nervous disturbance (especially of hysterical convulsions or 
vertical headache); the cessation of headache when the coma comes 
on; the absence of all objective symptoms; the inconsistence between 



the ready deglutition and the apparent depth of coma: and the uniform 
coarse of the affection, which often presents no change for many days. 

Of causes outside the nervous system, urfflmic poisoning is that which 
most often causes perplexity, because its frequent cause, chronic kidney- 
disease in the second half of hfe, is also a frequent cause of the apoplexy 
that it resembles. Albuminuria is constant in urtemia, frequent in 
apoplexy; its absence is therefore more significant than its presence. 
In many cases the coma is preceded by other uriEmie symptoms, espe- 
cially by convulsions or amaurosis. Severe general convulsions may, it 
ia true, usher in both affections, but at the onset of apoplexy the con- 
Tulaion is usually single; at that of urasmic coma tliere are many. Sud- 
den complete amaurosis is almost conclusive evidence of uriemia. An 
acute cerebral lesion scarcely ever causes total blindness. Elevation of 
temperature is strongly in favor of cerebral mischief; depression is con- 
sistent with either, but continuous depression, lasting for two or three 
days, is strongly in favor of urEBmia, An examination of the fundus of 
the eye will, of course, be one of the first steps you take. Albuminuric 
retinitis often proves the existence of renal disease, when an examina- 
tion of the urine is, for the time, impracticable. It shows, moreover, 
profound systemic mischief. It always indicates that the patient is in 
a state in which urfemic symptoms may come on at any moment. The 
absence of retinal change does not exclude urfemia, any more than its 
presence proves that urffiuiia is the cause of the coma. 

In profound alcoholic poisoning the diagnosis from cerebral apoplexy 
may be extremely difficult. When you have no history to guide you, 
as ia often the case with the patients who are brought to a hospital or 
a police-station, the diagnosis may be impossible. Many a patient with apo- 
plexy has been locked up in a police-cell all night as dead-drunk. Brandy 
is the universal panaceafor impairment of consciousness; and so apoplec- 
tic patients often smell of alcohol. If focal symptoms are absent there is 
no distinctive indication, A few hours will always decide the question; 
and it is better to lot a drunken man get sober in bed, than to let a 
patient with ventricular hasmorrhage die in a police-cell. We need, 
however, more facts regarding the state of reflex action in profound 
alcoholic poisoning, especially of the muscle reflex action (knee-jerk, 
foot-clonus, etc.). It is not improbable that some useful guidance may 
be found in these symptoms. This is one of the many points on which 
^^Me of you who are hospital residents may make valuable observationB. 
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The danger of confusing opium-poisooing and apoplexy is not great, 
becanae the patient who haa taken opium usually comes under obaerva- 
tiou while the pupila are contracted to an extremo degree — conclnaive, 
except as regards the distinction from hEemorrhage into the pons. In 
the latter there is often a history of sudden onset, and usually objective 
symptoms are present that permit no doubt as to the nature of the 



From the lessened manifestation of mental activity we may pass to 
the disorder and excess that constitute "delirium," the condition ia 
which mental processes are not in accordance with sense- impress ions, and 
there is no consciousneaB of the discrepancy. The condition is essentially 
the same as that which constitutes " insanity; " but the term delirium 
is used when the mental derangement ia acute in course, and occurs in 
consequence of organic brain disease or of some blood-state. Delirium 
is commonly distinguished as "quiet" or "active." In the former there 
are hallucinationa, especially of sight, and these dominate the patient's 
ideas. He often talks continuously, but in a low monotonous voice, and 
it may be difficult to make out what is said — a condition aptly termed 
"low muttering delirium." On the other hand, in " active delirium " 
there is more energy in the manifestation of the mental proceases, and 
the patient tries to act according to his erroneous ideas. Although the 
elements of delirium are identical in nature with those of what is termed 
insanity, certain common features of the latter rarely occur in delirium. 
Such are the extreme and peraiatent emotional depression of melancholia, 
the exaggeration of idea that is common in general paralysis of the in- 
aane, the outrageoua delusions of personal identity met with in some 
cases of chronic inaanity, and the rhetorical loquacity of acute mania. 

Delirium is far less frequently the result of organic disease of the 
brain than of altered conditions of the blood, especially that in pyrexia. 
There is rarely anything in the character of the delirium to indicate to 
what cause it is due. In acute alcoholic delirium, unpleasant visual 
hallucinations are a marked feature, and there is usually conspicuous 
tremor; but chronic alcoholic delirium may preaent none of theae char- 
acteristics. The delirium due to pyrexia and that resulting from organic 
brain diaeaaa present no difference. Since pyrexia is by far the most 
common cause of delirium, this symptom alone is suggestive of organic 
brain-disease only when there is no pyrexia, or only a slight degree 
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pyrexia, insafficieut to account for it. It must, moreover, be remem- 
bered that those who are addicted to alcohol, and those who are old, are 
rendered delirious by a slighter degree of blood-ehange than ia necessary 
in the case of the sober and tho uon-senile. The caution to attribute no 
weight to delirium, unaccompanied by other symptoms of brain disease, 
if the patient has considerable fever, may seem a simple rule; but, like 
many other simple rules in diagnosis, it is often forgotten, and conse- 
quent mistates are frequent. Not long ago I saw a man who was said to 
have inflammation of the brain, and I found he had only inflammation 
of the lungs. The delirium had so misled the doctor in attendance that 
he had not even examined the lungs. Again, a child became feverish 
and delirious: the medical attendant diagnosed tubercular meningitis, 
and foretold a speedy death. But the pyrexia was sufficient in degree to 
account for the delirium: there was no evidence of anything more than 
a catarrhal febricula, and in a week the child was well. Do not, how- 
ever, go to the other extreme, as some have done, and conceive that de- 
lirium is of no significance as an indication of organic disease. It ia 
significant when there is no other discoverable cause, and it may both 
confer and receive significance by association with other cerebral symp- 
toma. These may be various in character, but one of the most frequent 
is headache. Headache, like delirium, is an eiTect of fever. But the 
headache of fever ceases when the delirium comes on; that of brain dis- 
ease persists. The coexistence and the sequence of the two have, there- 
fore, qnite a different significance. If the patient is delirious, and has, 
at the same time, severe pain in the head, you should suspect organic 
disease. Of course, pyrexia often accompanies deUrium from organic 
disease, and we have then to depend on the other symptoms for oUr 
diagnosis, or on the order of the two. If the delirium precedes the fever, 
it has evidently the same significance as if it existed alone. The various 
other symptoms that may give significance to delirium need not be 
ennmerated here. 



Mental weakness shows itself in failure of power in all the various 
mental processes, and of these loss of memory ("amnesia") is the most 
conspicuous and the most tangible. Memory, like other mental actions, 
has its physical side. Every functional state of the nerve-elements 
leaves behind it a change in their nutrition, a residual state, in conse- 
I qaence of which the same functional action occurs mors readily than 
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before; and this residual diBposition is increased by repetition. This is 
the basis of motor training, which consista in a sort of motor memory 
that enters little into the region of consciouanesa. The same residuid 
dispoaitiou in tlio cells that act during mental proceaaes no donbt inSo- 
encos the revival of thoae processes in memory properly so-called. The 
sequence of action of groupa of nerve-cells is the physiological aspect of 
that which, in its psychological aspect, wo term the association of ideas. 
There is no special faculty of memory, physical or psychical, apart from 
the general cerebral and intellectual processes. But there is, or seems 
to us to he, a peculiar power of the voluntary revival of these processes 
—of the re-energizing of the residual tendencies, — a faculty that is 
popularly termed "recollection." 

Any disease of the brain may affect memory, whether it be coarse 
organic disease or finer degenerative processes. Moreover, temporary 
malnutrition, as from acute disease, or severe anaemia, may have thd 
same effect. The defect may be seen in the inability to retain new im- 
pressions, or in the loss of those that are recent. Aa Ribot has put it, 
"the new perishes, the old endures," Strange examples of this are 
sometimes met with. I have seen a clergyman who had lost all memory 
of the last twenty years of his life. Thosa years had passed over him, 
I leaving their marks indelibly on his frame. They had been years of 
I active work, and at the end of them he had an illness. When ha recov- 
ered, all memory of those years had vanished. In rare cases of the kind, 
memory has returned, and the lost time comes back in the order from 
the past towards the present. 

Another symptom of mental failure, with which, indeed, loss of mem- 
ory is closely associated, is deficient power of attention, of excluding all 
but one subject from the domain of consciousness. This may bo one 
cause of failure of memory, and it sometimes causes a failure to remem- 
ber when there is no real failure of memory. When one subject domi- 
nates the mind, sufficient attention is not given to other subjects to secure 
their retention. Hypochondriacal patients often present this inability; 
their minds are constantly occupied with their own feelings, and they 
do not give sufficient attention to other subjects to insure their persist- 
ence in the mind, and the apprehension of mental failure is added to the 
other sources of mental distresa. Reassure the patient as to his fancied 
ailments, and the unmeaning character of his various sensations, and his 
loss of memory will vanish. 
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f connected with failure of the power of attention is incohe- 
rence of idea. Instead of the definite sequence of mental processes that 
we recognize as normal, one mental image escities another hy some acci- 
dental association, which would he unnoticed in health. Often the con- 
nections that determine sequence are so subtle as to evade detection. The 
mental processes change rapidly, and when one is only half expreaaed, 
another haa possession of the mind. This incoherence is conspicuous in 
delirium, and is also frequent in simple mental failure. 

Defect of moral sense is also common in mental failure. The slighter 
defects are relative, rather than absolute, and must be estimated by their 
deviation from the normal conduct of the individual. Many actions 
would be more distinctly pathological in a man of refinement than in an 
ill-mannered man of the lower classps. Other actions are unequiyocal. 
Urine and stools are often passed into the bed in cases of brain disease, in 
conseqnence of this mental failure, when there is no loss of power over 
the sphincters. Under these circumstances it is an indication of a con- 
siderable degree of mental change — a greater degree than is suggested, 
perhaps, by the other indications of the mental state. Of similar sig- 
nificance, in these cases, is a disinclination to swallow. There is no real 
difficulty in deglutition, but when food is placed in the mouth, the pa- 
tient lets it lie there, and after some time, perhaps half an hour, spits it 
out again. Particles may get into the larynx, and suggest that there is 
a pharyngeal paralysis that does not really exist. It is important to note 
that, in children, slight mental defect is often shown by a lack of the 
sense of propriety, rather than by failure of mere intellectual pro- 
cesaes. They are nnabashed by the presence of strangers, are disobe- 
dient, miscliievous, meddlesome. Indeed, the lack of capacity for re- 
straint often leads to undue manifestation of what mental power they 
poBsesa, and parents constantly consider such children unduly preco- 
eions, and possessed of mental faculties above the average. 



LEOTUEE X 

SYMPTOMS (Continued): AFFECTIONS OF SPEECH. 

Geis^tlemeis^, — Prom the mental symptoms that we considered in the 
last lecture, we pass now to another group, intermediate between the 
mental symptoms on the one hand, and simple motor and sensory symp- 
toms on the other — affections of speech. We must consider them at 
some length, because the phenomena are complex, their relations are 
intricate, and if I were to attempt to be brief, I should succeed only in 
being unintelligible. As it is, I fear I must ask for your somewhat close 
attention. There is difficulty, not only in the theoretical study of the 
subject, but also in the practical application of our knowledge. No two 
cases of speech-defect are alike; and you can only unravel the phenom- 
ena of each case by having a firm grasp of the laws that govern both nor- 
mal speech and the derangement that is produced by disease. 

The brain contains upper and lower mechanisms for expression by 
articulate speech, the upper in the cortex, the lower in the medulla. 
The latter transfers to the peripheral nerves the impulses that come 
down from the cortex, perhaps adjusting their form in minor details. It 
is in the cortex that the elements of speech are arranged. In disease of 
the lower mechanism, the elements of expression are correct in nature, 
number, and arrangement, but their form is defective; '^ articulation *' 
is at fault — ^the jointing of the elements. In disease of the higher cere- 
bral apparatus, the form of the constituent elements may be correct, but 
they are wrong in nature, in number, or in arrangement. The error in 
the arrangement of the elements often causes great error in the form of 
words, although the form of the elements may be correct. You will 
understand this better as we proceed. We have already considered the 
effect of disease of the lower mechanism in the medulla, and. are now 
concerned only with the cortical mechanism. 

Speech is the expression of mental processes; but it is hot the only 
mode of their expression. They may also be expressed by writing; but 
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writing is merelj- expreaaion by epeecli translated into symbols of a dif- 
ferent kind. Tbe nervous processes are elaborated in tlie game cortical 
mecbanism, altbough tbey leave the cortex at a different place, and 
do not pass through the lower mecbanism for articulate speech, but 
pass by it, to still lower mechanisms in the spinal cord. 

A different and very important mode of the expression of mental pro- 
cesses is by simple muscular movements in various parts of the body — 
face, limbs, and even trunk; we call these "gestures." Gesture-sym- 
bols are much simpler than speech-symbols. They are the first to be 
acquired by the race and by the child — ^the most uniform in different 
races. Speech-symbols are atiquired later, and are diverse in different 



By these methods we express two classes of mental processes — " ideas " 
(which are expressed as propositions) and emotions. Emotional pro- 
ceases are by far the simpler, and they are expressed by the more simple 
and automatic methods, chiefly by gesture. This is the chief use of 
gesture. It is true, gesture can express propositions, but only in a rery 
limited degree, and only those that are extremely simple in character. 
An instance is the expression of affirmation by a nod. Gestures that 
express propositions are called ■'signs." 

In vocal speech there are two elements — articulation and phonation. 
Articulation forms the words on the outgoing current of air; the larynx 
adds voice to speech, and enables it to be lieard at a distance. Voice is 
merely material for articulation. It is indeed a means of expression, by 
its variations, bntit is onlyanexpreasional gesture accompanying speech, 
and, like other gestures, it expresses chiefly emotions. Emotions may 
also be expressed by words, as by interjections, and by many phrases 
that have a propositional form, bnt only an interjectional meaning — 
" dead propositions," they have been aptly termed by Hughhngs-Jack- 
Bon, to whose philosophical investigation of aphasia every student of the 
subject is profoundly indebted.' Most oaths are such "dead proposi- 
tions," and BO are many familiar expressions, as when, to express mere 



' Of Dr. Hughlings-Jackaon's writings on the subject, the most important are 
his papers in "Brain "(vol. i., p, 309; ii., p, 203,333). The student who is Inte- 
rested in the subject is strongly advised to read these articles. Those who are 
acquainted with them will see how largely the viewa expressed in this lecture 
have been moulded by thoau of Dr, Jackson, and how extensively I have adopted 
is made, not only current, but indiepensable. 



Burpriee, we formally deay, aa in the phrase, " You don't say so I 
Real propoaitions, as such, cannot express emotion, they can only state 
the fact of its exiatenoc. Altliongh tone chiefly expresses emotion, it 
has, like other gestures, a limited power of conveying propositions) aa 
when a negation is converted into a question by an interrogative tone. 

The expression of emotion la essentially involuntary and automa! 
The will is needed, not to effect it, hut to restrain it. The expreasioi 
of propositions is chiefly voluntary, hy an effort of the will. Bat propo- 
sitions differ mucli in their speciality. The more special, the less fre- 
quently expressed they are — t!ie greater is the volition required, although 
we may be scarcely conscious of it. The less special, the more frequently 
employed they are— the leas voluntary, the more automatic is the uttec^ 
auce. In vocal music, words are chiefly used as the vehiclea for toi 
The propositions that the words formally convey are scarcely ever rei 
espressed as such. 

Intellectual processes are aroused by language as well as expressed 
language — aroused through the senses of hearing and of sight, and 
hlind persona by touch. Thia neeeasarily involves an intimate connecti( 
between the nervous processes for these sensations and those for li 
guage. Of the links of tliis connection we can recognize 
disease occasionally separates thetn. When a word is heard, the processes 
thus aroused in the aiiditory centre excite others that subserve the recog- 
nition of the sound as a word, and these, in their turn, excite those that 
subserve the image corresponding to the word. So too with visual word- 
symbols. Thus the nervous proceaaes for language have both motor and 
sensory relations. Of these, the sensory (auditory) processes 
oped earlier than the motor processes. The child understands mi 
things said to him long before he can utter a single word. 

We have seen that a sensory word-process must intervene betwi 
that for the sound and that for the image of the thing symbolized, 
motor word-processes intervene between those for the image and the 
motor impulses for the muscles. There is a sort of internal revival of 
words before they are uttered, and this may occur without utterance, 
revival of word-processes, motor or sensory, often accompanies delibei 
thought. 

The motor and sensory word-processes leave behind them residual' 
fitates, which facilitate the subsequent revival of the same arrangements. 
These residual states subserve the memory for words. We have seen 
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that memory of other kinds is sabserved by similar residual states (p. 
101). Thus there may be said to be both a motor and a Kensory memory 
for words. In the revival that precedes speech, we are more conscious 
of the motor process, of a sort of " internal speech." But it is probable 
that both motor and sensory word-processes occur together, and that the 
sensory (auditory) word-process actually leads in the revival. This pro- 
cesa, as we huve seen, is first established. It may be perfect when the 
motor memory is lost, and its loss interferes with thought far more than 
does the loss of the motor memory. In the act of reading words, the 
process is analogous to that which takes place in hearing spoken words. 
Nerve-processes are aroused successively for the simple sensation, the 
word-symbol, and the image of the thing symbolized. There is an inti- 
mate connection between these sensory processes and the motor process. 
In those unacoustomed to reading, the motor processes are energized in 
the act, and even the lips may be observed to move, mental images being 
no doubt aroused more readily by the double than by the single process. 
In the act of writing, the motor processes for articulate speech are first 
energized, and these excite the processes for the movement of the hand, 
and the formation of the written symbols. Even in writing, however, • 
it is probable that the auditory nerve-processes are revived before or with 
the motor processes. If you attend to the mistakes you make in writing 
— writing wrong letters, for instance — you may often trace the influence 
of these auditory and motor associations by the character of the error. 

We may now ask what we know as to the parts of the brain concerned 
in these functions. The chief facts have already come under our notice 
in our review of the anatomy of the brain. In each hemisphere the 
lower part of the ascending frontal convolution contains the centres for 
the movements of the muscles concerned in articulation. From these 
centres, conducting fibres pass down to the lower mechanism. Hence 
motor processes for words must leave the cortex at this part. The adja- 
cent posterior part of the third frontal convolution also contains struc- 
tures that subserre speech, perhaps somewhat higher processes than 
those of the motor centres in the ascending frontal, and this region ia 
usually regarded as the chief speech-centre. Whether the island of Eeil 
contains similar structures is atill uncertain. The first temporo- 
sphenoidal convolution contains the structures that subserve the auditory 
perception of words. Those for the visual perception of words are prob- 
ably contained in or near the angular gyrus. But there is an important 



I ably conl 



108 LECTHEE X. 

difference in the functions of the two hemispheres. Voluntary apeech- 
processea go on chiefly in the left hemisphere in right-handed persons, 
in the right hemisphere in left-handed persons. The sensory word-pro- 
cesses, perhaps influenced by the motor, also go on chiefly in the left 
hemisphere. Disease of the left motor speech-region causes loss of the 
power of uttering words voluntarily; and that of the first temporal convo- 
lution, loss of the power of understanding spoken words — "word-deaf- 
nesa;" whereas disease of the corresponding regions of the right hemi- 
sphere produces no such effect. The power of understanding words 
that are seen is also localized in the left hemisphere. Thus, although 
the sensory centres for hearing and sight are double, one in each hemi- 
sphere, it ia only in the left that they subserve the recognition of words. 
And yet the left hemisphere has by no means a monopoly of speech- 
fanction. The right hemisphere contains structures of similar position 
and similar connections. These strncturea can supplement those in the 
left hemisphere. Loss of speech, due to permanent destruction of the 
speech-region in the left hemisphere, has been recovered from; and that 
this recovery was due to the supplemental action of the corresponding 
region of the right hemisphere, is proved by the fact that, in some of 
these cases, speech has been again lost when a fresh lesion occurred in 
this part of the right hemisphere. This supplemental action occurs in 
the sensory as well aa the motor functions. It occurs far more readily 
in children than in adults. Permanent aphasia in children from disease 
of the left hemisphere is almost unlinown. The loss of speech rarely 
lasts longer than a week. Then the child speaks almost as well as ever. 
Hence it is probable that speech-processes go on more equally in the two 
hemispheres in childhood than they do in adult life. It is also highly 
probable that there are individual differences in this respect among 
adults. Certainly, with a lasting lesion, speech is recovered more readily 
by some than by others. But in all persons the right hemisphere takes 
some share in speech-procesBes. Much emotional expression and auto- 
matic use of words is effected by it. This is shown by the fact that such 
emotional and automatic use of words remains, although the voluntary 
use of words is lost by disease of the left hemisphere. But since emo- 
tional and automatic expression is not lost from disease of the right hem- 
isphere, it follows, as Hu gill ings- Jack son has insisted, that such expres- 
sion must be effected by both hemispheres. Hence we may say that ex- 
pression is one-sided, that is left-sided, in proportion as it ia voluntary; 
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is both-sided, that is either sided, in proportion as it is involuntary and 
automatic. We have seen that the same law holds good of motion gen- 
erally. Dr. Jackson believes that the preliminary energizing of motor 
word-procesaea that precedes ntterauce takes place in the right hemi- 
[ sphere. Perhaps, however, it occurs in both. 

I A curions illustration of the analogous motor impairment was pre- 

Ecnted by a man who had right hemiplegia and aphasia. In these cases 
there is usually more loss of simple voluntary movement of the tongue 
than in a similar disease of the right hemisphere, as if the speech pre-em- 
inence of the left hemisphere carried with it a greater representation of 
the simpler movements of the tongue. I told the man to put out hia 
tongue. He made many attempts, but could not. Then he put out hia 
tongue and licked his lips — an automatic action to facilitate the process, 
— and tried again to put it out voluntary, but failed. An analogous 
speech-defect was that of a girl who, after many vain attempts to utter 
the word "no," said, "I can't say 'no,' sir." 

The extent to which automatic word-processes may be subserved by 
the right hemisphere is strikingly exemplified by a case that was under 
my observation many years ago. A man had embolism of the left mid- 
dle cerebral artery, and, as he afterwards found, the whole of the motor 
speech-region of the left hemisphere was destroyed. From the attack 
till his death, a few week afterwards, he only said "yes," "no," and 
. uttered " ning," when the house physician wished him good-morning. 
I But one day another patient in the ward began to sing a song, — "I 
I dreamt that I dwelt in marble halla." The speechless patient joined in, 
j sang the first verse with the other patient, and then sang the second verse 
I by himself, uttering correctly every word. Of course this was not 
speech. No one intends to express the propositions contained in the 
I words of the song. The words are used automatically, and this auto- 
I mat ic utterance must have been effected by the right hemisphere. 

^^^^^p all cerebral affections of speech there are two elements to be dis- 
^^^B^^ished; some speech is lost, and some speech ia preserved, but is 
, deranged. The loss ia the effect of the destruction by the lesion; the 

derangement of the remaining speech is due to the imperfect action of 
1 the speech-structures that remain. The word " aphasia " is current as 

a general designation for all forms and degrees of loss of speech, as 
^^^*&mBmia " is for all forms of defect of blood. Other general terma 
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have been proposed, equally iaexact. and less conveniGut. Indeed, the 
whole subject has afforded abundant scope for word-makers, who have 
flooded its literature with u new terminology, to a large extent needless, 
and to some extent injurious, fostering a harmful tendency to divide 
where it is desimble only to diatinguisb. One recent writer alone pro- 
poses fifty special designations for varieties of aphasia. 

The two most important symptoms of speech-defect correspond to 
tiie motor and sensoiy functions already described. (!) In some cases 
there is loss of the motor processes for speech. The patient can under- 
stand what is said to him, but he cannot speak, or can only use voluntarily 
one or two words; lie cannot even repeat words. (3) In other cases the 
patient is unable, sometimes absolutely, to understand what is said to 
him. In this case, he haa usually considerable power of speech, bat 
makes mistakes in words and in their form, especially in unfamiliar ex- 
pressions. The error may be so great that his speech is unintelligible. 
In the first case the patiefit is conscious of his errors; in the second he 
is not, because he does not understand his own utterance. These two 
leading varieties of aphasia are best styled (with Wemioke) motor and 
sensory aphasia, 

But another defect is very common. There is an inability to revive 
voluntarily the word-images, or these are revived wrongly. The patient 
cannot "recollect" the word, or he recollects it wrongly. Defect of 
memory being termed "amnesia," this special form is termed "verbal 
amnesia," or sometimes "amnesic aphasia." We have seen that in the 
revival of words both the motor and the sensory memories take part, 
but the sensory (auditory) is the more important, and takes the lead. 
Doubtless, in educated persons, the visual memory assists; but we may, 
for the present, leave this out of consideration. Word-deafness involves 
loss of the auditory word-processes — loss, that is, of the leading mechanism 
for the subjective revival of words. It always, therefore, involves verbal 
amnesia. In motor aphasia there is much less verbal amnesia, because 
the sensory processes are intact; the loss of the motor memory probably 
causes some impairment of the power of recalling words, some verbal 
amnesia, although the loss is difficult to ascertain on account of the 
loss of speech. But verbal amnesia may exist without word -deafness, 
without any impairment of the power of expressing words. The patient 
cannot " think of a word ; " but if it is told him, he utters it correctly 
at once. Aa a clinical variety of speech-defect, this form is often met 
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■with, but it ia not a separate pathological form, as it has Bometimee been 
regarded. It has been deacribed as the losa of a special memory for 
■words; but there is no function or seat of memory for words, except 
that of the word- processes, motor and sensory. Moreover, the defect 
in word-revival always occurs in a certain order, from the special to the 
general. Its indication is that the speech -processes go on in structures 
that are relatively inadequate. The loss is never absolute; and it ia al- 
ways a defect in the voluntary revival. Automatic utterance is largely 
in excess of the voluntary utterance. Conclusive evidence that it is not a 
distinct pathological variety is afforded by the fact that the most perfect 
example of this amnesic aphasia ia presented by cases in which there 
has been, at first, complete motor aphasia, and, the lesion persisting, 
the patient has slowly recovered a considerable power of speech, by a re- 
education of the right hemisphere. Here it is manifestly a residual 
state, the result of the relative inadequacy of the structures in which 
the speech-proeesees go on. 



We may now consider the varieties of aphasia, and the various aymp- 
toms in detail, premising that they are often combined, and the result- 
ing symptoms are often extremely complex. 

In extensive disease of the motor speech -regions, the derangement 
usually extends beyond the limits of vocal speech. The power of writing 
is lost, even when there ia no paralysis of the hand. This shows, as I have 
already said, that in writing, the word-processes, although they must 
leave the cortex at the hand-centre, are first energized in the Spee 
centre. In severe cases, expression by gesture is at first impaired, so far 
as the expression of propositions is concerned. The patient nods for 
"no" as well as for "yes." But all power of expression is never lost. 
That which remains varies much in different cases, but is always t 
more automatic — the least special forms of expression. Emotion may 
be expressed by gesture perfectly, and even bywords, interjections, or 
phrases, such as oaths, that have a propositional form but not a prepo- 
sitional meaning. The oath uttered in anger cannot be repeated with- 
out the emotion. Further, most patients speedily regain one or two 
of the lowest propositional utterances, as "yes" and "no." The word 
"yes" seems to he a less automatic utterance than the word "n 
Children, as a rule, say "no" long before they say "yes." Perhaps 
these words are first regained because they are often used as iuterjeo- 
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tiona; they may be first regained as interjections, and this may facilitate 
their propositional re-aciqnironient. ' Tliese patients may also sing, as 
I did the man whose case I liave mentioned. In extensive and persistent 
I disease of the left hemisphere, all the utterances must be effected through 
ihe right hemisphere. In rare cases, under strong emotion, a proposi- 
tion may escape that ia much higher than the habitual utterance of the 
patient, forced out, as it were, by the emotion (HughUngs- Jackson), 
Slowly, more power of speech returns, by the re-education of the right 
hemisphere; and, as I hare said, more readily in some persons than ia 
others, and most readily in children. 

Motor loss, such as this, usually results from disease of the cortex ; 
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but it may also be caused by disease just below the cortex. If the dis- 
ease involves the motor path some distance below the cortes, it may 
cause transient defect of speech; but this is soon recovered from, proba- 
bly because the left region ia able to act through the right by means of 
the commissural fibres of the corpus callosum. When the disease is just 
' "The words 'yes' and 'no' are propositions, but only when used for aeBent 
and dissent; tliey are used by lioaltliy people interjectionally as well as pruposi- 
tiooally" (Hughlings-Jackaon). A lihild under my obaereation, in learning to 
speak, first uttered "no," and then expressed assent by the common > 
affirmatiTe "m'in." This he nest elaborated into "am" and for" 
after ho had become able to epcak well, he still used "am" t<i ■ 
"When he began to say " yes," he employed it for a long time or 
tion, e,g,, when he waa called, retaining "am" for assent. 
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beneath the cortex these fibres are also damaged, and the aphasia is as 
lasting as when tiie cortex itself is destroyed. In the extremely rare 
cases in which a patient can write and cannot speak, the disease is prob- 
ably BO placed as to interrupt the fibres that go to the motor tract, and 
those to the corpus callosum, but has not destroyed the speech-centre 
itself, or the connection between it aud the hand-centre (see Fig. 18). 

The next important point to be considered is the error that occurs in 
the speech that still remains, or has been regained. This speech is fre- 
quently wrong, both as regards the words emjiloyed and their form. The 
error in form is not in articulation, hut in the elements of the word. 
One patient, for instance, said "inffor "ink," "tinors" for "scia- 
Bors"; another asked for some "pagne-cham" when she wanted some 
champagne. The error in form may be so great that the speech is iinin- 
telligible jargon; one patient could only say "drumlandee." The re- 
salting disorder is often termed "ataxy of speech." Hence, this form 
of speech-defect is often termed "ataxic" or "atactic aphasia," an ob- 
jectionable designation for the pathological variety, because equal 
"ataxy" may result from the opposite defect, a sensory loss, word-deaf- 
ness. Moreover, the term is apt to mislead, suggesting that there is & 
centre or faculty for the co-ordination of speech other than the motor 
speech-centre. 

Without error in form there maybe error in use: if "yea " and "no" 
are the only words that can be uttered they may be used wrongly. When 
more speech is retained, an unintended word may be used. Errors occur, 
just as loss occurs, in proportion as speech is special and voluntary. 
There is always less error in automatic utterance and in signs. A pa- 
tient who can only say "no," and utters the word on all occasions, may 
indicate correctly by signs, by nodding or shaking his head, whether he 
means "yes" or "no." It is often difficult, sometimes impossible, to 
understand the mechanism of these wrong utterances, but they may be, 
to some extent, uuilerstood by certain general principles. The first is 
the tendency to repetition. This depends on the fact, that a nervous ar- 
I'angement, after functional activity, remains for a time in a condition in 
which it is more readily energized than other nervous arrangements. 
This often leads to error in health. If .Smith has been talking to Jones 
■"'Y likely to call Jones "Mr. Kobinsou." It is by 
that recurring utterances of what Dr. Jackson 
le established. In the speech-structure* 
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that remain, if one arrangement haa been energized, it is apt to be ro- 
excited on every attempt to speak, and the more often the words have 
been uttered, the greater is their tendency to come out. It is easily con- 
ceivable tliat the right hemisphere may suffice for recurring utterances 
of low propositional value, such as " no, no." But in some patients the 
recurring utterance is of high propositional form, although used without 
meaning. The character of this utterance is often so special as to sug- 
gest, irresistibly, that it has its origin in some former utterance of the 
patient. Dr, Hughlings-Jackson has suggested that it is the expression 
that the patient was about to utter when taken ill, and that such recnrring 
utterances occur only in the cases in which the onset was deliberate, be- 
lieving that it is the result of a preliminary speech- pro cess in the right 
hemisphere. I am inclined to think that it is usually the last words 
actually uttered by the patient, just before the attack. These cases support 
the view that in ordinary speech the right hemisphere takes a part in the 
prehminary energizing of the speech-processes, since such a recurrent 
utterance can only be effected through the right hemisphere. In the 
absolute arrest of voluntary speech-procesaes that follows an extenfiive 
lesion, causing aphasia, the process last energized in the right hemisphere, 
if energized not long before the attack, is re-energiaed when any attempt to 
Bpeak is made and is uttered, no fresh arrangement being possible to the 
■will for a long time. Many facts support tliis explanation of these re- 
curring utterances. Thus, the recurring utterance of a signalman who 
was seized when on duty, was "Oome on tome"; that of a girl attacked 
when riding on a donkey, "Gee, gee" (Hughlinga-Jaokson); that of a 
librarian was "List complete" (Russell). One of my patients was taken 
ill in a cab; on entering the cab she told the cabman to drive her to 
" Mrs. Waters," and these were the last words she spoke. Her recurring 
utterance was '■" Missis." The recurring utterance may be an unmean- 
ing combination of syllables. Dr. Jackson has suggested that the dis- 
order is due to the struggle of variona word -processes that arise simul- 
taneously, and of which only fragments succeed in achieving expressional 
predominance. Some of the error in form may also depend on the fact 
that relics of previous word-procesaes get mixed up with those that the 
patient intends to utter, in consequence of the readiness with which the 
former are re-excited. This ia often obvious on an attempt to repeat 
the alphabet, which one patient uttered thus: a — a, 5 — be, c — ce, d — de, 
e — de,/— def, g — de, ft— a, j — da, k — ka, / — kel, m — em, n — den, o — do. 
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p — be, and so on. In the eame way, the elements of the recurring utter- 
ances are apt to crop up when the patient begins to say other words, and 
so also, perhaps, are parts of words that have been familiar in previous 
life. Another curious and common form of error is the reversal of the 
sjltablea of a word, as in the instance of " pagne-cham," already men- 
tioned. Aa I have said, words are revived subjectively before they are 
ntteted, and it would aeem that the part of the word laat energized is 
the most vivid and most readily uttered. I have heard a very young 
child say " I got for," instead of " I forgot." The reversal is some- 
times partial; an obtrusive consonant in the middle of the word may be 
nttered also at its commencement: one patient said "Lalice"for" Alice." 
Often the recurring utterance is a repetition of the same consonant with 
Tarying vowel signs. One patient, whenever he tried to speak, always 
uttered, " da, de, da, do, de, da," with extreme rapidity, like an engine- 
wheel flying round on a slippery rail. This is evidently explicable on 
the principle of repetition. What consonant is the basis of this utter- 
ance is doubtless determined by circumstances similar to those that de- 
termine the form of the recurring utterance, Tlie woman whose chief 
utterance was " Missis," when she acquired some additional power of 
speech, and tried to utter other words, was apt to run ofE into " so, so, 
sa, se, BO, si." 

The loss of writing may be absolute; the patient can only make un- 
meaning strokes; or letters may be formed, but combined at random. 
Lastly, words may be written, but erroneously. The errors may be simi- 
lar to those that occur in speech; repetition of words and syllables, and 
the substitution of one letter for another, often of one that is similar in 
sound, as p for b, sometimes one that is written in a similar manner, as 
g for o. Sometimes the order of the letters of a word are reversed; one 
patient wrote "tae" for "tea." The mechanism of these errors is 
doubtless the same as that of the similar errors that occur in speech. 
The same law of order of loss is traceable. It is common for a patient 
to be able to sign his own name when he can write nothing else, just 
as he can tell you his own name when he can say nothing else. A man's 
own signature is the most automatic of all his writing. One patient, 
being told to write his own name, wrote "James Slim," correctly. He 
was then told to write how he came to the hospital, and he wrote 
"cgng kgig kiyan." The errors in writing are usually greater than in 

sefa, as indeed they are in health. In the double symbolism there is 
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more room for error, and there ia more time for error. Thus, when i 
patient who wrote aa above was asked to sap how he came to the hospi- 
tal, he said "rail"; asked "how else?" he said "clab"; asked again, 
"no, way." 

Patienta who cannot write a word can often copy writing or copy 
print in printing characters, sometimea in writing characters; bnt they 
do not understand it, and copy mistakes without correcting them. I 
remember a sad instance of this. The son of a distinguished poetess 
would copy page after page of his mother's poems, although he clearly 
could not understand them. He would also copy, with perfect esactneaa, 
page after page of a complicated almanac — always in printing charac- 
ters. 

In the defect in the subjective revival of word-procesaes that is 
termed verbal amnesia, the order of tosa is also from the special to the 
general. Proper names are lost first, and nouns are lost before verbs 
and adjectives. This loss for nouns has been described aa a special vari- 
ety of aphasia, but it is only a special example of a general and almost 
universal law. Among nouns, cmleris paribus, the more special are lost 
first, the more general being retained and more easily recalled. Thus, 
one patient, being shown a ahilling, and asked what it was, replied 
"money," then, after a pause, "coin," and at last, after another pause, 
"shilling." There is of ten error in utterance in this form of speech- 
defect. The patient uses a wrong word; asks for a spoon when he wants 
a fork. Sometimes, with a little care, we can trace the mechanism of 
these wrong words. Thus, one patient with some word-deafneas, but no 
motor loss, on being shown a pen-knife and asked what it waa, said 
" Cornwall." Further investigation made it clear that the patient had 
only used a similar knife for the purpose of cutting his corns: hence the 
flight of a knife led to the energizing of the nerve-procesaes for the 
word "corn." He had once lived in Cornwall, and bo the processes for 
the word "corn "led to the energizing of "wall" in association with 
"corn," rather than of "knife." In considerable degree, especially 
when there is loss of the auditory word-procesaes (word -deafness), there 
is considerable error in the forms of words, because the patient ia thrown 
upon his motor memory, and this is apt to mislead him when it has not 
the co-operation of the sensory memory. No doubt this mechanism was 
at work in the energizing of "Cornwall," just mentioned. These pa- 
tients have often an extensive power of expression by familiar phraaea. 
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if they bring them out qaickly and almost antomatically; if they hesi- 
tate they get wrong. " If I want to aay a thing I must say it in a hurry, 
or I cannot say it at all," one patient said. Errors in writing are more 
marked in these cases than are the erroi-s in speech, for the reason I 
have already mentioned, and we can often trace their origin. A patient 
who made no mistakes in speech wrote "disacreeable" for disagreeable, 
"glag" for glad. The former was evidently due to an error in the 
motor memory, substituting for one letter another for which the motor 
process ia nearly the same; the second was due to the principle of repe- 
tition. The nervous arrangements are not under perfect control, and 
■some nnintanded arrangement ia energized, in which, for one of the rea- 
sons already mentioned, the resistance is lower. I may quote an instance 
of the greater readiness of familiar automatic utterance than that which 
is less familiar, and therefore requires a greater voluntary effort. I 
asked the patient who had made the remark just quoted about saying 
things in a hurry, to write down the name of a boat-race that had taken 
place the day before. He said, "Boat-race? Oxford and — Osford and 
Gate — Ama — Abramidge — Oxford and Baxford — I ought to know, I 
have been there often — what is it? — Oxford and — now I cannot tell 
you — Oxford and Batham." He then took the pen and wrote "Ox- 
ford," and said, "Now I cannot say that other," and wrote "bab a 
tha," and then " a t b h," and exclaimed " I am a bigger fool than 
ever. Oxford and Ca — Cab — Oaba — Cambridge — there, I have it at 
last." But after repeating it correctly several times, he wrote " Cab- 
rage." 

In partial word-deafness, the same order of loss is observed. The 
patient may understand familiar words, and not those that are unfamil- 
iar. He may undarstand signs when he does not understand speech. 
If told to put out hia tongue, he may make no attempt to do so; but if 
shown he may put it out at once. Putting out tha tongue is not, 
however, a good test. When a patient comes to a doctor, he expects to 
be told to put out hia tongue, and may guess that this has been said to 
him. He may put out his tongue to order, bnt if told afterwards to shut 
hia eyes, he may simply again put out his tongue. It is, perhaps, hardly 
accurate to speak of this as guessing. Bspectation facilitates comprehen- 
Bion. This statement is a platitude: but the physiological aspect of the 
platitude is that the physical side of " expectation " is a lowering of resist- 
ance in certain uerve-processes. Hence it ia better to ask the patient to do 
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Bomething unexpected, or, as Dr. Hiiglilinga- Jackson suggests, to aak 
him some abaard question, the compreheaaion of which is readily shown 
by the obviona amusement it excites. The same condition is observed 
in those who are recovering from word-deafaesa. Slow recovery occurs 
from word -deafness, as from other forma of aphasia, the lesion persist- 
ing. Doubtless this also is by the re-education of the right hemisphere, 
perhaps aided by the visual word-centre. A very intelligent man, who 
had slowly recovered from complete word-deafness, told me that he still 
often had a difficulty in understanding a word spoken to him; but he 
would repeat it a few times, and at laat he seemed to see the letters of 
the word, and then its meaning flashed upon him. 

Patients with motor aphasia usually cannot read, We cannot infer 
from this that there ia word-blindness, in the strict sense of the wi 
The co-operation of the motor speech -centre seems necessary for un< 
standing the visual word-symbols. The beat way of teating the powi 
of reading ia to write down a direction to perform some simple action. 
Patients often try to read, and even seem to think that they understand, 
when they certainly do not. This loss usually lessens in time, other 
word-processea that remain aiding the visual centre. Bat in true word' 
blindness the patient is absolutely unable to understand the words tl 
he sees, and the loss is the more striking in that the motor procai 
for speech are often preserved. 
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I may briefly recapitulate the chief points to be attended to in examin- 
ing a case of asphasia, and the indications they afford. Remember that 
some weeka must elaape, from the time of the onset, before we can in- 
fer, from the character of the symptoms, the position of the lesion. 
The connection between the different centres concerned in speech is such 
that on acute lesion in one of them causes a temporary derangement of 
the others. Only when this has passed away, iu the course of two or 
three weeks, can we infer the position of the lesion. The action of the 
speech-centres may also be interfered with, for a time, by disease that 
is near them but does not actually involve them, or the fibres from 
them. 

It is well to begin by ascertaining whether the patient can v. 
stand what is aaid to him — whether there is any word-deafness, 
him first with simple orders, and then with sentences that are more 
complex. If he cannot understand even simple things, there must ba 
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disease of the first temporal convolution, or beneath it. If there is 
mere impairment, and not loss of auditory perception, it may be the re- 
sult of partial damage to the same parts, or may be the result of old dis- 
ease, from which the patient is recovering by the action of the right 
hemisphere. 

Next observe the character of the motor loss, the degree of speech 
that remains, and whether the patient can repeat what is said to him. 
If speech is limited to a few automatic utterances, and the patient, 
while understanding, cannot repeat words, there is disease of the motor 
speech-region — third frontal and lowest part of the ascending frontal 
convolutions. The disease may not be in, it may be just beneath, the 
cortex. If utterance is only unintelligible jargon, or if there is a recur- 
ring utterance, the indication is the same. If, however, there is word- 
deafness, great formal error in speech does not prove disease of the mo- 
tor speech-region. If the motor loss soon passes away — in the course, 
for instance, of two or three weeks — ^although hemiplegia persists, the 
disease is probably some distance below the cortex, in or near the inter- 
nal capsule. If recovery takes place in the course of two or three months, 
hemiplegia persisting, the lesion is probably in the white substance near 
the cortex, and has damaged, but not destroyed, the fibres to the cor- 
pus callosum and opposite speech-region. This is the more probable 
if the patient can write better than he can speak. It is of tea difficult 
to ascertain the patient's power of writing, because the right hand is 
frequently paralyzed, and the left hand is awkward, while to form words 
with movable letters is a much more severe test than writing. 

Inability to read can only be regarded as evidence of disease of the 
visual word-centre when there is no motor aphasia. The power of vol- 
untarily recalling words is best tested by asking the patient to name 
objects that are shown to him. Defect of this may be due to past or 
present word-deafness, or it may be a residual condition left by a past 
motor aphasia. In neither of these conditions has the symptom any 
diagnostic value. It only indicates the relative inadequacy for voluntary 
action of the structures in which the speech-processes go on — in most 
instances those of the right hemisphere acting with those of the left that 
remain. If the condition is a primary one, its significance is uncertain. 
It is probably due to a small lesion near the sensory speech-regions of 
the left hemisphere, lowering their function generally, sometimes to 
one in the parietal lobe. There is no evidence to support the statement 
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fhat is often made^ that the symptom is due to, and indicates, an in- 
terruption of the connection between the sensory and motor speech- 
centres. Indeed, it is not easy to conceive how such an interruption 
could produce the effect ascribed to it. 

Motor aphasia is often combined with hemiplegia from disease of the 
motor centres adjacent to the motor speech-region, and especially with 
paralysis of the face, the centre for which is the nearest. On the other 
hand, in sensory aphasia, hemiplegia is often absent, and, if it occurs, 
is usually slight. 

In conclusion, one aspect of the question of speech-defect is of con- 
siderable practical importance — its relation to the capacity for making 
a will. In pure motor aphasia, in which the auditory word-processes 
are intact, words that are heard are perfectly understood, and assent or 
dissent can be expressed, although only by gesture, the patient could 
certainly make a will. If there is considerable word-deafness, it is al- 
ways 80 doubtful whether the meaning of what is said to him is cor- 
rectly perceived, that there is probably no "testamentary capacity ^^ 
nnless written words are perfectly understood, and all communications 
are thus made. A fortiori, if there is both word-deafness and word- 
blindness, a valid will could not be made. 



LECTUEE XL 

SYMPTOMS (Continued): HEADACHE— VERTIGO— VOMITING. 

Gentlemen", — We will consider next three symptoms that stand very 
much on the same level of diagnostic significance, — symptoms that are 
often combined, although they are very different in form and in nature 
— headache, giddiness, vomiting. The first of these is, of all the many 
symptoms that organic disease may produce, the most obtrusive, the 
most distressing; and at the same time the most equivocal, the most apt 
to mislead both the patient and the physician. Local pain is a symp- 
tom of universal incidence; wherever it occurs, it absorbs the attention 
of the sufferer, and to him at least, suggests irresistibly a local cause. 
But of all seats of pain, the head is the most common, and pain is here 
the most suggestive of local disease, and yet it is the place in which pain 
is most frequent without local disease. In consequence of some myste- 
rious relation, pain in the head is the common result of most varied 
causes — of stomach disturbance, of anaemia and plethora, of every kind 
of morbid change in the blood, febrile conditions, acute specific diseases, 
kidney disease, toxaemia. The nerves that supply the walls of the skull 
are prone to neuralgic pain of every kind. Headache occurs also in 
various functional disorders of the nervous system. It readily results 
from mechanical congestion of the brain, however' produced, and is 
sometimes so obtrusive that the patient notices the cause less khan the 
effect. Thus I have known a patient to come for treatment on account 
of headache, and to complain of nothing else, when the headache was 
the result of cough, and the cough of phthisis. I think it is no exag- 
geration to say that for one case of headache due to organic disease of 
the brain, you will meet with fifty that are due to other causes. 

There is not much in the character of the pain to indicate, or even 
to suggest, its origin. Pain that follows closely the course of a cranial 
nerve is probably neuralgic in nature; but it may be due to irritation of 
the fibres of the nerve: so that, while it does not suggest, it does not 
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exclude, intracranial disease. Pain that is very limited in area is 
more often of functional, than of organic origin. Thus, pain limited 
to one supra-orbital region, or to a spot at one temple, on which 
the patient can put his finger, or to a spot at the vertex, is commonly 
of functional origin; the last is common in hysteria, and is termed, 
from the frequency with which it is likened to a nail boing driven in, 
the " clavus hystericus.^* 

Of much greater significance, though still not pathognomonic, are the 
course and severity of the pain, taken together. A common feature of 
the pain of organic disease is its constancy. The pain varies in severity 
from time to time, but there are rarely periods of perfect freedom. It 
is usually a severe pain; often at times most intense, causing the patient 
to shriek from the suffering. In mere severity, however, the pain of 
organic disease is rivalled by some functional headaches, as by that of 
migraine; but these are paroyxsmal — attacks of intense pain are sepa- 
rated by days or weeks of freedom, comparative or perfect. The pain 
of organic disease persists during the night, and often prevents sleep, 
or rouses the sufferer. Functional headaches rarely prevent sleep, which, 
indeed, often ends the pain. Whenever, therefore, a patient complains 
of severe pain in the head, ask him if it keeps him awake at night; and 
if it does, you should think of organic disease as possible, and search 
most carefully for any other symptoms. But severity and constancy of 
pain, even together, only suggest an organic cause; they do not prove 
such cause. Proof of this — or even the high degree of probability that, 
in practical medicine, we have often to be content with — is only supplied 
by the association of headache with other symptoms, diffuse or focal. 
Of the diffuse symptoms, optic neuritis and vomiting are the most sig- 
nificant. An ophthalmoscopic examination should never be neglected in 
any case of severe headache. If you can exclude three constitutional 
states — considerable anaemia, kidney disease, and lead-poisoning, — the 
coincidence of considerable neuritis and headache may be regarded as 
proof of organic intracranial disease. To this, and to the significance 
of vomiting, we shall presently return. 

Always remember, gentlemen, that you can never assume the con- 
verse of diagnostic rules. The presence of a symptom may be strong 
positive evidence, while its absence has very little significance, and per- 
haps none at all. This is true in every department of diagnosis. There 
is hardly a disease, usually attended by some prominent and character- 
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istic symptom, that does not occasionally occur without that symptom. 
Acute peritonitis, of which intense agony is a characteristic, may run 
its course without any pain. Neither the absence of pain in the head, 
nor its trifling character, enables you to exclude either intracranial dis- 
ease in general, or any special form of such disease in particular. Cancer 
is usually a most painful malady, wherever it occurs; all tumors of the 
brain usually cause intense suffering: and yet cancer of the brain is oc- 
casionally almost painless. I do not say that the absence of symptoms 
has no negative value; it justifies you in attaching less weight to 
equivocal symptoms that are present, but it does not lessen the signifi- 
cance of any unequivocal symptoms. 

We know little of the way in which pain in the head is produced. 
The brain of an animal can be cut or torn without the creature showing 
signs of suffering. But the significance of this fact may be over-rated, 
since other structures, that seem normally insensitive, become acutely 
painful when diseased. It is certain, however, that the membranes are 
very sensitive, and highly probable that much of the pain of intracranial 
disease is produced in them. Some diseases, as tumor, have been 
thought to cause pain by the pressure they produce, but the evidence 
that this is commonly the effective mechanism is insufficient, since 
other diseases may increase the intracranial pressure, locally and gener- 
ally, without causing pain. Nor can we reasonably invoke the ready 
explanation of "congestions^ as a universal mechanism; in many condi- 
tions of headache this is out of the question. In short, until we know 
more than we do at present, speculations as to the way in which head- 
ache is produced are scarcely profitable. 

The question may perhaps have occurred to you — Is there any rela- 
tion between the seat of pain and the position of the lesion ? All that 
can be said is, that there is sometimes no correspondence, sometimes 
there is a general correspondence, and occasionally there is a close cor- 
respondence. Pain at one part of the skull is rarely caused by dis- 
ease at an opposite part of the brain; one-sided pain is usually due to 
disease on that side; disease beneath the tentorium generally causes pain 
at the occiput, which may pass down the neck; and disease at the sur- 
face of the brain often causes pain corresponding closely to the seat of 
the lesion. Light percussion sometimes elicits tenderness over the seat 
of the disease — ^pain being produced by a tap there, and not elsewhere. 
This is most frequently the case when the disease is superficial. The 
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^^^H^ Unpleasant cephalic aensatiooB, other than actual pain, are vei^ 
rarely caused by organic disease. When they occur withoat pain, they 
are almost always of functional origin, and suggest the absence of or- 
ganic disease. The senaatiooa arc, however, frequent elements in the 
diagnostic problem, because they distress the patient, are apt to be 
brought ou by brain-work, and, if allowed to do so, may practically in- 
capacitate their subject. They generally occur in hypochondriacal per- 
sons, who attend much to their sensations, and to whom these feelings 
are fertile in suggestions of evil. Indead, hypochondriasis often results 
;rom, when it does not cause, these sensations, and it is always increased 
ly them. They are common in those whose brains are overworked — in 
in lawyers, in commercial men, and are predisposed to by 
Uieurotic inheritance, and by the condition of defective tone of the 
nervous system that it is fashionable now to dignify with the name of 
neurasthenia," at once more alarming, and more gratifying, to the 
■eakened mind, than the older equivalent, "nervous weakness." These 
sensations are various in character, but feelings of fulness in the head, heat, 
"rushing" sensations, and pressure on the vertex are the most common. 
The vertical pressure is especially frequent and troublesome. These 
feelings apparently depend on an abnormal consciousness of processes 
ithat should not rise into the sphere of consciousness. An infinite 
ber of impressions must be continually reaching the brain from 
iouB parts of the body, engendered by processes of function and 
intrition. Of most of theso we are normally unaware, hot of some we 
may become conscious by attention. Fix your attention on any part of 
the body, and in a few moments yow will be conscions of some feeling 
there of which you were previously unaware. Let it be the vertex : in 
a few moments many of you will be conscious of a distinct sense of 
pressure there, most readily if you are tired — if you have been listening, 
ior instance, to two or three lectures — or if you are somewhat out of 
health. You can understand how such a sensation, by continued atten- 
tion— aided by that potent intensifier, concern— may be cultivated; the 
sphere of consciousness, as it were, being extended in that direction, 
nntil the sensation becomes a real trouble, and the sufferer is convinced 
that there must bo an organic cause for that which is so digtreasing. 
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This conviction, I regret to say, is sometimes strengthened by members 
of our profession who find it profitable to pander to these morbid ten- 
dencies by a diagnosis of some actual disease in harmony with the patient's 
fancy — a diagnosis for which there is not the slightest justification. 
'^ Congestion of the base of the brain '' is one of the most common of 
these diagnoses. There is a current manual of disease of the nervous sys- 
tem, in which the symptomatology of congestion of the brain has been 
largely written from the history of these sufferers from cephalic sensa- 
tions. Endeavor to convince the patient that there is no actual mischief 
in brain or in circulation; encourage him to disregard the sensations, 
and they will slowly cease to trouble him. 

There is only one condition in which these sensations, other than 
pain, are suggestive of real disease, and that is when they are distinctly 
paroxysmal and the paroxysms are accompanied by vomiting. Not long 
ago I saw a man who complained of occasional sensations of a " rushing '' 
feeling passing from the occiput to the vertex. These gradually in- 
creased in intensity, until the sensation became actually painful, and 
with this he would sometimes vomit. There were no symptoms of 
organic disease, with one important exception — there was slight optic 
neuritis. This gave additional significance to the vomiting, and made 
some form of tumor highly probable. A few weeks afterwards he com- 
plained suddenly of acute pain in the head; while describing it to his 
doctor, he lost speech; he became unconscious, and died in a few hours. 
Most likely he had an intracranial aneurism, the rupture of which 
caused his death. 



We pass next to a symptom that has excited much interest, on ac- 
count of its peculiar character, its significant associations, and its rela- 
tion to the disturbances that can be produced experimentally in animals. 
"Vertigo,'' I need not remind you, means "a turning." The word is 
strictly applied only to those sensations in which the patient feels as if 
he were taming round; or at least moving, or has the related objective 
sensation that other things are moving before him in a definite direc- 
tion. But it is often, and its English equivalent " giddiness '' is still 
more frequently, applied to all sorts of sensations that involve a sense 
of uncertain equilibrium, and even to vague feelings of mental confusion 
or to dimness of sight — sensations that are also termed " dizziness." 
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Some mental confusion is no doubt always involved in the derangemeni 
of the perception of the exact relation of an individual to 
meat that constitutes true "vertigo." It is not surpriaing, therefore, 
that the same term should he applied more widely to a similar mental 
state, irrespective of the precise mechanism hy which it is produced, 
especially since our vocabulary ia inadequate to designate, or our lan- 
guage to describe, a hundredth part of the varied sensations to which 
our frame is subject. 

We are now concerned only with the sensations that do involve so 
distinct a sense of disturbed equilibrium or actual movement as to come 
under the general designation. In definite vertigo we may distinguish 
three elements, which are unequally prominent in different cases. The 
most pronounced, and most constant, is a sense of movement in the pa- 
tient himself — to one side, backwards or forwards, up or down, or a 
sense of oscillation. Next in frequency is an apparent movement of 
objects at which he is looking; these may seem to move in the same di- 
rection as that in which the patient seems to move, or In the opposite 
direction. The third is less common than the othei-s — an actual move- 
ment in the patient; it is usually a fall, or a visible tendency to fall; 
the fall is commonly in the same direction as the subjective sense of 
movement, but sometimes it is in the opposite direction. It is of great 
importance to ascertain, as exactly as possible, the precise character of 
each of these elements. Although we cannot, as yet, use all these facts 
in practical diagnosis, they enable us to understand something of the 
nature of the symptom, and will probably, in the future, teach us much 
of its mode of production. 

The first significant fact is that the patient usually falls, if he 
fall, in the direction in which he feels a tendency to fall. At first 
this may seem natural, even necessary; but the fact makes it probable 
that the sensation of vertigo is really (as Dr. Hughlings-Jackaoa has 
suggested) a motor sensation, the effect on the aensorium of motor pi 
ceases, which, in greater intensity, cause an actual movement, 

I told you that objects sometimes seem to move in the sa 
tion as the patient, sometimes in the opposite direction. This diffei 
is not very easy to explain. It has been thought that stationary obji 
should appear to move in the opposite direction to the subjective 
of movement, because, if the eyes move, say to one side, objectawill 
across the field of vision towards the other aide. Thus, if you 
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your ejea to the right, an object that was before in the middle of the 
field will pass to its left side. But our senBG of the movement of visi- 
ble objects does not depend only on their position, or change of position, 
in the field of vision; it depends on this, combined with the conscious- 
ness of our own condition of rest or movement. If, for instance, we 
remain still, and an object remains in the same part of the field, we con- 
clude that it is stationary, by a process of unconscious inference, if the 
term may be allowed. But if an object remains in the same part of the 
field while onr eyes are being moved to the right, we know that it is moving 
to the right. It is the same if the head or body is turned instead of the 
eyes. Hence, if we have, in vertigo, a sense of movement without actual 
movement, an object that remains in one part of the field seems to move 
in the direction of the sense of movement. When an actual movement 
occurs, this is probably always far slighter than the sense of movement; 
and the reverse movement of objects in the field, due to the actual 
movement of the eyes, may be insufficient to compensate for the greater 
sense of movement; so that they still appear to move in the same direc- 
tion, although, if the patient could analyze his feelings in what is usually 
a moment of supreme confusion, the objects would probably seem to 
move less rapidly than himself. We cannot at present give an explana- 
tion of the apparent movement of objects in the opposite direction to 
the sense of movement of the patient. It is probable, however, that the 
motor and sensory relations, disturbance of which causes vertigo, are 
extremely complex and numerous, extending through almost all grades 
of motor and sensory cerebral processes, from low to high, and may he 
deranged at various functional levels. It may be that in certain de- 
rangements the sense of movement, even if it is attended by actual 
movsment, does not involve visual impressions in the resulting error of 
judgment. Again, the tendency to movement may c'ause a compensa- 
tory and opposite action of the centres to preserve equilibrium, and 
this may, in some cases, exceed its cause. But I will not take yon far- 
ther into the obscurity in which this part of the subject is involved. 

The centrifugal impulses that maintain equilibrium are regulated by 
certain centripetal impulses that give guiding information regarding 
the relation of the body to its environment. One class of these consists 
of the various sensory impressions from the parts on which the body is 
resting, and of the impressions from the muscles that maintain the body 
illita posture (or the sense of the innervation bestowed on these musoles)- 
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A second is dorived from the innervation of the ocular 
from those of the head and neck. Prom this, as we have before 
seen (p, 74), we derive, unconsciously, our perception of the relation of 
our body to seen objects. A third consists of the impreaaions derived 
from the semicircular canals — impressions that vary according to the 
pressure of the endolymph in the ampullEe of the canals, under the in- 
fluence of gravitation and movement. If any one of theae impressiona 
is suddenly deranged., vertigo results. The moat effective is the derange- 
ment of that derived from the ocular and aural soureea of information ; 
and the resulting derangement constitutes, reapeetively, ocular and aural 
(or labyrinthine) vertigo. The same symptom may be also produced by 
a very different mechauism, disturbance of the stomach. 

It would be foreign to my present task to describe to you in detail 
all theae varieties of vertigo. I mention them to you, because the symp- 
tom results from these causes far more frequently than it does from 
central disease, and yon cannot ascribe it to the latter until you have 
excluded a peripheral origin. Evidence of such origin is afforded by 
other symptoms of derangement of the organs concerned in its produc- 
tion, and for these you must search. In ocular vertigo there is diplopia; 
in aural vertigo there is commonly the " nervous deafness " of which I 
described the aymptoms in a previous lecture (p. 82), and there is often 
also a noise in the ear. In gaatric vertigo there are other symptoms of 
stomach disturbance. Giddiness occurs also, but usually in vague form 
in aufflmia, and other atatea of nervous weakness. It is sometimes met 
with when no cause for it can be discovered — a form which, to conceal 
our ignorance of its nature, has been termed "essential vertigo." Defi- 
nite vertigo, in which the sense of movement is well marked, is far more 
frequently due to disease of the semicircular canals than to any other 
cause; and when it does result from any other cause, as, for inatance, 
from stomach disturbance, you will often find some deafness or other 
indication of an affection of the ear, — as if the impairment of the audi- 
tory nerve had given a more definite character to vertigo that was ex- 
ciied by another mechanism. A gentleman, a member of our own 
profession, has suffered all his life from prostrating attacks of dyspepi 
Some years ago, he became deaf from labyrinthine disease; ever bidi 
his attacks of dyspepsia have been accompanied by severe vertigo, froi 
which he never suffered until he became deaf. The paroxysms of audi- 
tory vertigo may be very severe, and are often ascribed to some brain 
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lesion. For this reason they may excite considerable, but groundless, 
aJarm. 

Another fonn of vertigo that may give rise to diagnostic difficulty is 
that of epilepsy. Vertigo is a frequent warning of the minor seizures, 
and sometimes of the severe attacks. The almost invariable concurrence 
of loss of consciousness sufficiently distinguishes this from the vertigo of 
peripheral origin. Remember, however, that this warning is not con- 
fined to idiopathic epilepsy. The convulsive seizures that result from 
organic brain-disease are often heralded by vertigo. I have already de- 
scribed the diagnosis between the two. 

Severe vertigo, whatever its origin, is usually attended by vomiting. 
There must be a close connection between the pneumogastric centre and 
the nerves or centres that regulate equilibrium. The auditory and vagus 
nuclei are not far apart in the medulla, but we do not know whether the 
connection between the two is established there or in the cerebellum. 
The latter is not improbable. A connection certainly exists, and enables 
us to understand that stomach-disturbance may produce, and intensify, 
vertigo, as well as that vertigo may cause vomiting. Sea-sickness is not 
improbably produced by the oscillations of the endolymph in the semi- 
circular canals. 

Diseases of various parts of the brain, and lesions of various kinds, 
may produce vertigo, and it has therefore in itself little diagnostic sig- 
nificance. It is produced by chronic irritating disease, but rarely by 
stationary lesions. It occurs at the onset of acute lesions. The most 
intense vertigo, however, is caused by lesions of the middle peduncle 
of the cerebellum, and it may then be accompanied by its true motor 
form, a forced rotation. 



Vomiting is occasionally a most important symptom of cere oral dis- 
ease, but it is a symptom that derives its significance chiefly from its 
associations. It has, indeed, certain characteristics, but these, which 
are chiefly negative, are common to the vomiting of functional nervous 
disorder and of organic disease. The act of vomiting is reflex, effected 
through a centre in the medulla, probably part pf* the vagus centre. It 
may be produced by an undue impression on the nerve-endings in the 

stomc^ch — an impression that is felt as pain, discomfort, or nausea. 
9 
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Such ia the vomiting of gastric origin, as that of nicer of the stomach, 
or of simple indigestion. But vomiting may also occur from esalted 
irritability of the centre ; and, in this condition, stimulation of the 
nerves of the stomach by the mere presence of food may be sufficient to 
excite the irritable centre. Such is the vomiting of hysteria, in which 
food ia rejected as soon aa it enters the atomuch; and such is the vomit- 
ing of cerebral disease. The increased irritability of the centre may be 
BO great that vomiting may occur without any peripheral irritation, when 
the stomach is empty. 

Nausea may or may not attend this increased reflex excitability. In 
hysterical vomiting it ia generally absent, and it is often absent in the 
vomiting of organic cerebral disease. We know very little about nausea. 
It is an effect on the sensorium of the nervous irritation that exoiteB 
vomiting, but is, as it were, a collateral disturbance, and is not dne 
simply to the action of the reflex centre, since vomiting may occur with- 
ont it. It is referred as much to the fauces as to the stomach, and ia 
prominent when vomiting ia excited by tiekhng the fauces, and when 
the excitability of the centre is augmented by some other peripheral 
irritation, as that of the uterus. Hence, while its absence suggests, its 
presence is compatible with, a central cause. 

Organic disease in any part of the brain will cause vomiting, and it 
is therefore probable that the higher central relations of the pneumo- 
gafitrie nerve are very extensive — a fact that is also suggested by the 
varied functional disturbance of the cerebral centres that may result 
from gastric disturbance, and by the singular readiness with which vom- 
iting may be excited by olfactory impressions and by some psychical in- 
fluences. You may perhaps know Weir Mitchell's story of the man who 
was so much disgusted by hia wife'a vomiting during her first pregnancy, 
that he vomited too; and ever after, when hia wife became pregnant, he 
became sick. Although vomiting may be produced hy disease in any 
situation, it is caused with especial readiness by disease of the pons and 
medulla, and most readily of all by disease of the cerebellum. It has 
been thought that this is due simply to pressure on the subjacent 
medulla, but it is probable that a functional mechanism is concerned in 
the effect. Of all the pathological relatioua of vomiting, the most remarka- 
ita relation to vertigo. Of this relation I have already spoken, 
and will only further remark that this association, coupled with the 
curious disturbance of equihbriom that results from disease of the_oere- 
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bellum^ suggests that the yomiting of cerebellar disease is due to an inti- 
mate relation between the gastric centre and this part of the brain. 

Cerebral vomiting results chiefly from irritating disease. It is rarely 
due to a stationary lesion. Meningitis^ tumor^ abscess cause it ; acute 
lesions only at their onset, or during the period of secondary irritation. 
There are two facts regarding cerebral vomiting that I would impress 
upon you. The diseased that cause vomiting usually cause also pain in 
the head, and the vomiting often attends paroyxsms of pain, and adds 
much to their significance. They give a similar significance to pain that 
is slight, and would not, in itself, suggest organic disease. The second 
fact is that brain disease, which exalts the excitability of the gastric 
centre, does so gradually, and the vomiting may be at first excited by a 
peripheral cause — a cause that might not be effective were it not for the 
exalted excitability of the centre. In such cases the exciting cause may 
be accepted too readily as an adequate explanation. This caution is 
especially necessary in the case of children. I have more than once 
known the vomiting of meningitis or of cerebral tumor to be, at first, 
excited by some injudicious food, and to be therefore thought to be of 
no importance, until graver symptoms gave significance to it. Eemem- 
' ber that indigestion, sufficient, by itself, to make children vomit, usu- 
ally makes them ill; and if a child vomits food without seeming other- 
wise indisposed, do not at once assume that there is nothing more the 
matter with it than indigestion, but watch it carefully. 




SYMPTOMS (Continued): TEMPERATURE— PUI£E— DISTURBANCE OF 
RESPIRATORY. DIGESTIVE, AND URINARY ORGANS— SYMP- 
TOMS OBSERVED WITH THE OPHTHALMOSCOPE. 



Gentlemen, — We have to consider to-day a miBcellaneous group of 
Bymptoms that are sometimes described as being " outside the uerroue 
system, " apparently because they are within the range of other organic 
systems. They are no more "outside the nervona system" than is para- 
lysis of the arm. We will begin with the changes in the heat of the 
body that are produced by brain disease. 

Elevation of temperature accompanies many diseases of the brain. 
The relation between the two varies in different cases. In some the 
pyrexia is simply asaociated, tho result of the cause of the cerebral dis- 
ease. In others it is the result of the pathological process in the brain. 
In others, again. It is the result of the lesion, and not of the process that 
causea the lesion. In each case it is necessary to recognize the precise 
relation, in order to estimate correctly the significance of the pyrexia. 
Instances of the first form are presented by the fever that accompanies 
embolism in a case of ulcerative endocarditis, or a secondary abscess, due 
to septiceemia. In these cases the pyrexia is chiefiy duo to the general 
disease, and is simply associated with the cerebral lesion. The second 
relation obtains in most cases of intracranial inflammation. The morbid 
process raises the temperature, as it would if it occupied any other situa- 
tion. The pyrexia of meningitis, and the elevation of temperature that 
occurs a few days after an acute lesion, are instances of this form. These 
two causes of pyrexia often concur; a general disease causing fever pro- 
dnces a cerebral lesion that has a similar effect. The fever that results 
from an intracranial cause varies in its degree and course much more 
than does that which results from a similar process outside the nervous 
system. Two facts are especially important. Pyrexia may be absent 
with an inflammation that elsewhere would certainly raise the tempera- 
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ture. Apparently this is the effect of a restraining influence exerted by 
the irritated nervous Bystem. Thia influence may even go so far as to 
lower the temperature under the normal, in spite of the process of in- 
flammation. The second fact is that the rise in the pulse-rate which 
nsuallj attends fever may, in like manner, be restrained, and this, even 1 
though the rise in the temperature is not prevented. The pulse may I 
even be lowered to an abnormal infrequency. Thus a normal temper 
ture does not exclude inflammation; and elevation of temperature, if it 
occurs, derives additional significance from an infrequent pulse. 

The third relation between brain disease and temperature is very , 
remarkable. Lesions in the pons or medulla may cause a very rapid i 
elevation of temperature, which, in the course of an hour, may attain a I 
height of 106°, 108', or 110°. This hyperpyrexia is usually associated 
with copious perspiration. It occurs not only in various acute lesiona, 
but sometimes in the course of chronic lesions. It may also result, al- 
though very rarely, from more extensive disease, such as meningitis^ 
probably from an influence exerted on the lower parts of the brain. This 
hyperpyrexia is apparently due to the loss of action of some influence i 
that normally restrains the heat-producing mBchanismB of the body. Am , 
yon may know, a similar effect follows experimental lesions in this part I 
of the brain in animals. It is always of very grave significance, usually 1 
being followed by death within a few hours. 

There are one or two miacellaneoua facta regarding the temperature 
in diseases of the brain and nervous system with which you should be 
acquainted, in order to avoid errors into which you might otherwiae fall. 
When convulsions succeed one another with great frequency — the " status ' 
epilepticus" — the temperature often rises steadily, and may attain an 
alarming height — 106° or 108°. The rise is the result of the convulsions, 
and does not indicate any inflammatory condition of the brain. If the 
patient does not die, the temperature alowly subsides as the convulsions 
become less frequent. Some degenerative diseases, as general puralysii 
of the insane, are occasionally attended with slight chronic pyrexia, 
which appears to have its origin in the nervous system, and does 
necessarily indicate any inflammatory condition. In the same class of 
diseases, paroxysmal disturbances occur, characterized by great heat of I 
the skin, often sweating, sometimes loss of consciousness, sometimes con- 
vulsions. The patient may seem for a few hours in a moat grave condi- 
if some acute inflammation had suddenly developed; but in a J 



134 



LBomsB zn. 



few hours more all these symptoma have passed away. These are calh 
" coagestive attacks; " we do not know their real nature, or whether the 
indications of congestion are primary or Becondary. Thirdly, children 
are sometimea liahle to attacks, probably of the nature of migraine, in 
which there are severe headache, lever, and aometiraea vomiting. The 
condition of the child resembleB that of one suffering from meningitis, 
but the symptoms develop more rapidly than those of meningitis, reach- 
ing their height in a few hours from the onset. They pass away with 
equal rapidity. Such attacks may recur at intervals of a few weeks or 
months. The rapidity of the onset, and the history of previous attac] 
of the same character, distinguish them from more serious aflectioi 
Their recognition is important, otherwise you may make a diagnosis 
fatal disease, and the patient may be well at your next visit. 

Depression of temperature occurs at the onset of some aonte leaioi 
especially haemorrhage, and in some chronic diseases in which there is 
profound lethargy, and ail the bodily functions are lowered, in response 
to the lowered function of the brain. In meningitis, the influence that 
prevents an elevation of the temperature may, as I have already mei 
tioned, go so far as to reduce it below the normal, in spite of the infli 
mation. 



Many diseases of the brain have no special influence on the pul 
The most important fact is that which I have already mentioned, that 
the frequency of the heart's action may not be increased, and may even 
be lessened, by morbid processes that elsewhere would increase the pulse- 
rate. In inflammation, variations in frequency occur without any 
recognizable condition to which they can be attributed, and irregularity 
in rhythm is occasionally a marked and early symptom. Infrequency is 
not uncommon in chronic disease, and also at the onset of sudden 
lesions. When the latter are in the neighborhood of the medoUa, there 
may be groat irregularity in both frequency and force. 
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Vaso-motor disturbance occurs as part of hemiplegic palsy, and thJEP 
form has been already described, In meningitis there is often a strongs 
tendeucy to trophic disturbance in the skin — bed-sores and the like — 
similar to that which occurs in hemiplegia, and occasionally this symft 
torn has a diagnostic value. I have known, for instance, the readiuel 
with which blisters were caused by a hot-water bottle to first arouaeB 
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suspicion of the grave nature of an illness that had been regarded as 
hyeteria. Dilatation of the cutaneous Teasels, escited by an irritation of 
the ekin (such as a stroke with the finger-nail), lasts long in many cases 
of acute brain disease, and much significance was formerly attached to 
to the " tache c^rfibrale," as the red line thus produced was called. But 
it occurs also in many general diseases, and is as likely to mislead as to 
aid the diagnosis. 

Respiration may be either quickened or slowed by cerebral disease; 
but the change is considerable only when the functions of the brain are 
impaired by extensive disease, such as a large hiemorrhage, or when the 
lesion is in the neighborhood of the respiratory centre, i.e., is in the 
pons or the medulla. Under these circumstances the respirations are 
sometimes very irregular, and there is occasionally a peculiar respiratory 
convulsion, a prolonged convulsive cough, or a hiccough. The rhythmi- 
cal variations that constitute the "Cheyne-Stokes" breathing (see p. 
95) occur towards the end of many cerebral diseases, such as cerebral 
hsemorrhage or meningitis. In some rare cases of disease of the pons or 
medulla, in which cousciousness has been preserved, there has been in- 
tense subjective dyspncea. 

In coma, the respirations are often quickened, not as a direct result 
of the cerebral lesion, but in consequence of the accumulation of mucns 
in the air-passages. This is due chiefly to respiratory inertia, but in some 
cases neurotic congestion may increase the secretion, since lesions near 
the pueumogastric centre may cause actual hsemorrhage into the substance 
of the lung. 

Of the derangements of the digestive organs, the most important, 
vomiting, has been already described. Constipation is common in acute 
and subacute diseases, and sometimes adds weight to the significance of 
other symptoms. 

Alterations in the composition of the urine may be a direct result of 
the cerebral lesion, but are rare, and of little diagnostic value. Excessive 
secretion, and the presence of albumen and sugar, have been observed as 
the result of disease, acute and chronic, in varioiis parts of the brain, 
most frequently when the lesion was in the pons. The derangement has 
usually been transient ; occasionally, glycosuria baa continued for many 
ntonths. I need scarcely mention that organic renal disease, and previous 
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diabeteB, must be carefully excluded before the change in the 
be ascribed to the influence of the cerebral lesion. 

The sphincters are affected aa frequently in disease of the brain as in' 
that of the Bpinal cord, but rarely in the same degree. Both retention 
of urine and incontinence are met with, but the incontinence is the re- 
sult of overflow, and not of complete inaction of the sphincter. It is 
very important to remember how often there is an apparent incontinence 
that is merely the result of mental inertia. I have mentioned this be- 
fore, in speaking of the mental changes ; and I told you how Bignificant 
it is, as an indication of a profound degree of mental change — more pi 
found thaa the other symptoms might lead you to imagine. 



I hare left to the last the changes in the fundus oculi, not because 
they are last in importance, but because they stand to the cerebral lesion 
in a relation somewhat different from that of the symptoms that have 
hitherto engaged our attention. 

The indications of brain disease that are revealed by the opbthalmo- 
Bcope are not only of the highest practical importance, but are of interest 
as a salient indication of the progress of medical science, since thirty 
years ago they were unknown. Morbid appearances in the eye are fre- 
quent in intracranial disease, and often prove the existence of such 
disease when other symptoms are inconclusive, or afford evidence of its 
nature that can be obtained from no other source. For this and other 
reasons, skill in the use of the ophthalmoscope, and familiarity with the 
conditions it reveals, are indispensable to the physician. I cannot too 
strongly impress upon yon the importance of acquiring dexterity in the 
use of the instrument as early as possible, in order that you may be able 
to utilize the opportunities for gaining experience which almost every 
department of practical work will supply. Those opportunities will be 
lost if you only learn to use the instrument when you proceed, towards 
the close of your course, to the special study of diseases of the eye. 

Some of the changes in the eye met with in brain disease are merely 
associated, the result of, and evidence of the cause of, the cerebral lesion. 
Others are consecutive, the effect of the brain disease, and evidence of 
its presence and of its nature. The associated and consecutive symptoms 
are sometimes conjoined. 
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( associated changes are due to the constitutional condition on 
winch the brain disease ultimately depends. The most important of 
these are the following: First, albuminuric retinitis, acute or chronic, 
associated chiefly with arterial degeneration, such as causes cerebral 
hemorrhage or cerebral softening. Secondly, syphilitic disease, especially 
choroiditis, or choroiditie atrophy, associated with lesions of the brain 
due to acquired or inherited syphilis. Thirdly, tubercular disease — 
tubercles of the choroid occasionally in tubercular meningitis, very rarely 
massive tubercle in cases of tubercular growths in the brain. Other 
forma of associated growth are too rare to be of practical importance. 
Fourthly, vascular lesions of the retina sometimes coincide with similar 
lesions in the brain. Thus, embolism of the central artery of the retina 
may occur in the same patient, and even at the same time, as embolism 
of a cerebral artery. Miliary aneurisms on the retinal arteries have been 
observed to coincide with cerebral hsemorrhage due to similar aneurisms 
in the brain. They are, however, extremely rare. Hiemorrbages in the 
retina are more common, and are of some significance. They occur 
especially in albuminuria, in gout that has profoundly aflected the system, 
in leucocythffiraia, profound anemia, purpura, ulcerative endocarditis, 
and other forms of septicremia. In the latter they have often white spots 
in the centre, and are the result of capillary septic embolism. Hiemor- 
rhages, identical in aspect, are sometimes found in the same cases in the 
cerebral meninges. 

The consecutive changes, that are the result of the cerebral disease, 
comprehend optic neuritis and atrophy. Neuritis or papillitis consists 
in swelling and increased vascularity of the intra-ocular termination of 
the optic nerve — the "optio papilla." It will be remembered that the 
end of the nerve is visible in the fundus as the "optic disc," the boundary 
of which is the oval opening iu tlie sclerotic and choroid. The fibres 
radiate from the nerve on all sides, but not equally; they are few on the 
temporal side. Tlie nerve-elements are 80 translucent that they do not 
obscure the edge of tlie disc, except in some cases and to a slight extent, 
above and below, where they are more numerous. The disc is rarely 
uniform in its surface, because the separation of the nerve-fibres leaves a 
central hollow — the " physiological cup " — in which there are few or no 
vessels, and which is therefore pale, while the periphery of the disc has 
a rosy tint from the minute vessels tliat lie among the nerve-fibres. 
This physiological cup varies much in size, and may be absent. The 
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^^^V Taacular portion of the disc also varies in estent {inyersely as the cup), 
■ and varies so much in tint that no inference can be drawn from its color 

I unless this is observed to change from time to time. Mere congestion, 

^^^^ therefore, consisting only of increased vascnlarity of the disc, is very 
^^^K difficnlt to recognize, and, although it probably occurs, it is extremely 
^^^H T&ve as an isolated condition, and is of small practical importance. An 
^^^^ actual pathological change, however slight in degree, is usually attended 
by some swelling of the papilla, and especially by lessened transparency 
of its structures. The effect of this change is first to lessen the sharp- 
ness of the edge of the disc, and then to obscure it altogether. It is, 
therefore, to this point, the sharpness of the edge, that attention 
must chiefly be directed. The effect of a morbid change on the edge of 
the disc is greater when the examination is made by the direct than by 
the indirect method. On the other hand, if the indistinctness is ap- 
parent, and not real — is due to the tint of the disc being nearly that of 
the adjacent choroid, and not to the lessened transparency of the 
structures in front of it — the edge is more distinct by the direct than by 
the indirect method of examination. In the early stage of neuritis the 
edge of the disc, seen by the indirect method, may appear a little blurred, 
and surrounded by a pale halo, while by the direct method the halo is re- 
solved into a striated, semi-opaque layer, completely concealing the edge. 
The early change is greatest on the nasal side, which may be obscured 
when the temporal edge of the disc, on which there are few nerve-fibres, 
is still sharp. Asthechangeadvances, it involves the whole circumference 
of the disc, and the swelling rapidly encroaches on, and ultimately oblite- 
rates, the normal white depression in the centre of the disc. The promi- 
nence of the swelling is readily recognized by the relative displacement that 
the different parts appear to undergo on a lateral movement of the ob- 
server's head in the direct, or of the lens in the indirect, method of es- 
tamination. It is also shown by the loss of the central reflection from 
the vessels where they course down the sides of the swelling, and their 
plane is no longer at right angles to the line of vision. The tint of the 
swollen papilla becomes a full red, or, more commonly, a grayish-red, 
on indirect examination, but the direct method shows a fine striated vas- 
cularity. As the prominence increases, the swelling becomes wider in 
extent, until it may be two or three times the diameter of the normal 
disc. White spots may appear on its surface, due to accumulation of 
products of degeneration. At first the retinal vessels present little 



QPETHALUOSOOFIO OOJlSOBB. 



139 



<;hange in size, but ae the BwelUiig increases, their compression causes 
the veins to become broader and the arteries narrower, and extravasa- 
tions of blood may be visible on the surface or margins of the swollen 
area. The process varie-s much in the rapidity with which it is devel- 
oped; it may reach a considerable intensity in a fortnight, or be still 
moderate in degree at the end of three or four months. Aa a rule, the 
more quickly it is developed, the more intense it becomes. Retrogres- 
Bion is indicated by a diminution in the vascularity, still greater contrac- 
tion of the arteries, and, later on, contraction of the veins also, if the 
degree of neuritis has been considerable. The swelling remains, for 
some time, pale and soft-edged, and slowly sinks until the edges of the 
disc appear. The substance of the disc is for long, often permanently, 
occupied by new tissue, which, with the narrowed arteries, affords evi- 
dence of the preceding inflammation. Other indications of this are 
often to be seen in damage to the adjacent edge of the choroid. It is 
only when the neuritis has been slight that the disc resumes a perfectly 
normal aspect. When much new tissue has been formed, this, by its 
cicatricial changes, leaves the disc white and atrophied, in the condi- 
tion of " consecutive atrophy," or " nenritie (papiilitic) atrophy," as it 
is also termed. When the papillitis has been very intense, and the swell- 
ing wide in area, the adjacent retina may suffer in its nutrition, and 
products of degeneration may remain as white spots, especially near the 
macula lutea, simulating the aspect of albuminuric retinitis. The mi- 
croscope reveals, in the substance of the swollen papilla, various inflam- 
matory changes, of which yon will find details and illustrations in my 
work on "Medical Ophthalmoscopy." Similar, although slighter, 
changes may be traced back in the substance of the optic nerves, or in 
their sheaths, even to the chiasma. and they may be more intense in 
front of the chiasma than they are midway between this and the eye. 
The outer sheath of the optic nerve in most cases is distended by liquid, 
so as to form a pyriform swelling behind the globe. The space within 
this sheath is continuous, behind, with the subarachnoid space around 
the brain, and in front, with the lymphatic spaces in the optic papilla, 

A slight and even considerable degree of optic neuritis may cause no 
symptoms; acuity of vision may be unimpaired, color-vision normal, the 
visual fields unrestricted; but when intense, sight suffers in each of these 
characters, and may be entirely lost. The damage to vision is often 
greater during the stage of subsidence than it is during the active period 
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of inflammation, probably because tlie nerve-fibres are eompreBsed by the 
cicatrical contraction of the tissue-elements formeii during the inflam- 
mation. As I mentioned in a previous lecture (p. 64), the affection of 
sight is not necessarily due to the visible papillitis; it may be the result 
of more Intense inflammation behind the eye, or the effect of the intra- 
cranial disease. After the neuritis has quite subsided, improvement in 
sight often takes place by the recovery of some of the damaged fibres, but 
there may remain absolute blindness, or considerable amblyopia, and 
often there are very irregular changes in the field of vision, both for 
white and colors. 

Optic neuritis may result from many disease of the brain, but the 
most frequent canse is tumor, and a considerable degree of neuritis is 
seldom due to any other lesion. Next in causal frequency is meningitis; 
especially when it affects the base of the brain; the inflammation caused 
by meningitis is usually less intense than that of tumor, perhaps on ac- 
count of the briefer duration of the disease. Optic neuritis does not 
result from cerebral hiemorrhage, or from thrombotic softening. It has 
been several times observed in eases of softening from embolism, when 
the source of the obstructing plug was active endocarditis, perhaps be- 
cause the material carried from the valves is of an irritating, septic 
character, and determines a greater degree of secondary inflammation 
in the softening produced. Neuritis has also been met with, once 
or twice, in cases in which no naked-eye lesion of the brain could be 
found, but in which the microscope revealed slight inflammatory 
changes — a diffuse cerebritis. In all these cases the neuritis is, as 
a rule, double, although it may develop more rapidly in one eye 
than in the other. Occasionally it is one-sided, and then it is gen- 
erally on the side opposite to the lesion; but unilateral optic neuritis is 
much more frequently due to disease at the back of the orbit, or at the 
optic foramen. 

It must be remembered, however, that optic neuritis may result from 
other causes than intracranial disease; it occurs in chlorosis, albuminu- 
ria, lead-poisoning and after certain fevers, especially scarlet fever and 
typhoid. An important fact is that in many of these conditions its oc- 
currence is associated with some cerebral symptoms; thus, when neuri- 
tis preponderates over the other retinal changes in albuminuria, there is 
usually much pain in the bead, and in lead-poisoning it is usually asso- 
ciated with the acute cerebral symptoms that have received the name of 
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" enoephalopathia aaturnina." Eemember this concurrence of cerebral 
symptoms with neuritia due to a general disease, becanse it often gives 
rise to a diagnostic difficulty. 

The mechanism by which optic nenritis ie produced is a Bubject on 
which various opinions have been held. A full account of these will be 
fonnd in " Medical Ophthalmoscopy." ' It is sufficient here to say that 
the early theory that neuritis is due to increased intracranial pressure, 
acting mechanically, has been proved erroneous. Slow increase of intracra^ 
nial pressure has almost no influence on the occurrence of this symptom. 
In a large number of cases of neuritis there is distinct evidence of a 
descending inflammation, either along the trank of the optic nerve, or 
along its sheath; and in cases of meningitis, such descending inflamma- 
tion is invariable. The distention of the optic sheath with serum has been 
regarded as the chief mechanism, but it is not essential for the production 
of neuritis; it may be absent, and its occurrence is related especially to the 
presence of an excess of subarachnoid fluid. The signs of mechanical 
" strangulation," which are to he observed in cases of intense neuritis, 
are no evidence that the inflammation was caused by any mechanical 
process. The cause of the strangulation is the compression of the veins 
by the inflammatory products within the swollen papilla, and not, as was 
once thought, their compression within the sclerotic ring or behind it 
by the distention of the sheath. It is probable that optic neuritis is 
rarely due to a single factor, and that the most potent clement is the 
descent of a process of tissue-irritation, which, when it reaches the pa- 
pilla, sets up a more intense inflammation; that in some cases this influ- 
ence is alone effective; and that in others it is aided by the distention of 
the sheath, which hinders the escape of efEete products, increases cedema, 
or even conveys irritating material. The distinction between optic neu- 
ritis and " choked disc " is one of degree, and not of mechanism, So 
far as optic neuritis has any single significance, it is that of an irritative 
process within the skull. 

There is an important relation between the chronicity of the neuritis 
and that of the intracranial process, A chronic cerebral process may 
cause an aciite neuritis, but a chronic neuritis never results from an 
acute process, and the degree of the chronicity of the neuritis is an in- 
dication of the degree of chronicity of the intracranial disease. When 
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the latter begins to improve, the neuritis lesssens, and the commencing- 
Bubsidence of the intra-ocular inflammation ia often the first indication 
of the improvement if the brain lesio 

Optic norve atrophy is a.lesa frequent symptom of brain disease than 
is optic neuritis, with the exception of that form of atrophy which is 
the consequence and evidence of past inflammation. Primary atrophy 
ia rare, and confined to those forma of brain disease that are degenera- 
tive in nature. It is met with, for instance, in cases of disseminated 
sclerosis, and of general paralysis of the insane, as an associated symp- 
tom. Secondary atrophy occurs, not infrequently, in consequence of 
damage to the optic nerve behind the eye, or to the optic chiasma. 
Disease of the optic tract does not cause marked atrophy of the disc. 
When the disease ia at the chiasma, both eyes may suffer; when it is in 
front of the chiasma, the atrophy is usually limited to one eye. The 
characteristic of secondary atrophy is that sight fails without ophthal- 
moscopic changes to account for the failure, and this is slowly followed 
by atrophy. The only distinctive features of the failure occur when 
the disease is at the chiasma (see p. 64). If the lesion of the nerve is 
inflammatory, some descending iufiammatiou may reach the eye and be 
visible at the optic disc. Its amount depends on the intensity of the 
inflammation, and on its proximity to the eye, but it is always insuffi- 
cient to account for the affection of Tision. When the lesion is near the 
eye, the vessels often present distinct constriction. Of the significance 
of these various changes as indications of the pathological nature of the 
cerebral lesion, I shall have more to say when this problem engages our 
special attention. 

You may have observed that, in this outline of the changes met 
with in brain disease, I have said nothing about congestion or antemia 
of the retina! vessels or of the disc, as an indication of similar states of 
the brain. Exaggerated expectations and, indeed, opinions were formed, 
when the ophthalmoscope was first introduced, regarding its revelatious. 
It was thought that, since the blood comes to the eye from a cerebral ar- 
tery, and returns to an intracranial sinus, the circulation in the eye 
would share, and show, the changes in that of the brain. But experi- 
ence has not confirmed the opinion. The circulation in the eye is, so 
to speak, autonomous; the state of the vessels ia regulated by indepen- 
dent influences. When all the veins of the head become over-distended, 
in consequence of an obstruction to the flow through the superior vena 
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cava^ the retinal veins suffer far less than those on the surface of the 
head^ no doubt because^ in the closed chamber of the eye, neither disten- 
tion nor contraction of the vessels can readily occur from a mechanical 
cause. The information afforded by the ophthalmoscope is important 
and extensive beyond the dreams of its inventors, but the expectation 
that was most confidently held has not been fulfilled; and if you find 
any author professing to diagnose the state of the cerebral circulation 
from that of the eye, or drawing therefrom indications for treatment, 
you may safely conclude that he knows very little about the subject. 



LEOTUEE XIII. 

DIAGNOSIS OF THE SEAT OF DISEASE: ** LOCALIZATION "—GEN- 
ERAL METHOD OF DIAGNOSIS— CEREBRAL HEMISPHERE, CRUS, 
THE CORPORA QUADRIGEMINA. 

Gen^tlemen^, — According to the loose use of words that is still com- 
mon in medical terminology, we are said to *^ localize ^' disease, that is, 
to make it local, when we infer its locality from the symptoms it pro- 
duces; and this process of inference is termed *^ localization.^ In the 
previous lectures we have considered the chief symptoms of brain dis- 
ease, and we have learned in what part of the brain a lesion may be sit- 
uated to produce those symptoms. It is necessary now to review these 
facts from the other side; to look at the symptoms from the standpoint 
of brain regions. Before we do so, I must remind you of the distinction 
between the direct and indirect effects of disease (see p. 41), and that only 
those symptoms which last for some time can be regarded as due to the 
destruction wrought by the morbid process. Moreover, you must bear 
in mind that the nature of a lesion, as well as its position, exerts an in- 
fluence on the character of the symptoms that are produced. Speak- 
ing generally, we may say that in acute lesions the symptoms are, at 
first, wider in range, while in chronic lesions they are, throughout, 
slighter in degree, than might be anticipated from our knowledge of 
the function of the parts that are implicated. Moreover, the symptoms 
produced by slow processes, such as a growth or an abscess, differ in 
range, according as the disease influences the gray or the white sub- 
stance, nerve-cells or nerve-fibres. The fibres are strangely tolerant of 
slow pressure, especially when this is widely diffused. A tumor or an ab- 
scess may occupy the position of the motor path, and yet cause only slight 
palsy, because the fibres have been merely displaced by it, and still re- 
tain much power of conducting, in spite of their compression. When 
such a disease occupies the gray matter, there is a similar, although 
slighter, tolerance of pressure, so far as concerns loss of function, but 
the nerve-cells exposed to the morbid influence are in a state of abnor- 
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mal irritability, and the connection between the nerve-cells of the cor- 
tex is so abundant and extensive, that the functional change may spread 
over a wide area and to a considerable distance from the primary dis- 
ease. Discharges, causing convulsions, may commmence at various 
parts of the area thus exalted in irritability. Moreover, centres* are 
sometimes inhibited by the irritation, instead of being '' discharged; " 
and there results loss of function instead of over-action. Hence, the 
symptoms produced by such diseases are often anomalous, and extreme 
care is needed in drawing conclusions from them. Some extensive col- 
lections of facts relative to this subject have been rendered absolutely 
valueless by disregard of this consideration. 

To return to our immediate subject. Having ascertained what 
symptoms are present, we must, in the case of an acute lesion, 
endeavor to distinguish the direct from the indirect. We can only 
do this with certainty by waiting till the indirect symptoms have passed 
away, as they will have done in a few weeks. We may, indeed, make a 
guess at the direct symptoms soon after the onset, from their severity, 
and from the absence of any indication of early improvement in them; 
but to attain a high degree of probability in our local diagnosis we must, 
in many cases, wait. Fortunately we have not thus to wait for indica- 
tions of the nature of the lesion, on which, and not on the exact seat of 
the disease, our treatment depends. 

Before you can draw any conclusion from the symptoms as to the 
seat of the disease, you must consider their mode of development, 
whether slow or sudden, simultaneous or successive. The bearing of this 
on the problem we are now considering is very important. If the mor- 
bid process is one of sudden onset, only those symptoms that came on 
together can be regarded as due to the same lesion. Take, for example, 
a not uncommon case, that of a patient who presents paralysis of the 
limbs on one side, and of the third nerve on the other. These are symp- 

» 

toms of disease of the crus. But to have this significance, if the 

hemiplegia came on suddenly, the paralysis of the third nerve must 

have come on at the same time. If you find, on inquiry, that the 

paralysis of the third nerve existed before the sudden hemiplegia, it 

cannot be due to the same morbid process, and the affection of the third 

nerve must be eliminated from the problem of the seat of the disease 

causing the hemiplegia. But if both were gradual in development, we 
10 



cannot certainly dissociate them; they may then be doe to one lesion or 
to separate lesions. 

Having thus determined what symptoms developed in Buch a manner 
that they may possibly be due to a single lesion, we have next to ask. 
Is there any part of the brain in which a single lesion would produce 
this groop of symptoms ? Some combinations of symptoms can be 
caused only by a lesion in one situation; others may be produced by a 
lesion in any one of several places. Others, again, are of such a character 
that there is no part of the brain in which a single lesion will produce 
them. To return to the instance we have just taken, hemiplegia on one 
side, and paralysis of the third nerve on the other, can be produced only 
by a lesion of the cms. Hemiplegia and paralysis of the third nerve on 
the same aide cannot be caused by a single lesion in any situation, since 
the motor tract, where contiguous to the nerve, is that to the limbs of 
the opposite side. 

Many of the symptoms of brain disease are of no localizing value, be- 
cause they may be caused by disease in any situation; while others are of 
low valne, because, althongh produced by disease in various places, they 
are rather more frequent when it occupies certain sifcuationa. Most 
of the diffuse symptoms (see p. 43) are of this character — headache, 
vomiting, optic neuritis, mental change, loss of consciousness. In so far 
as these vary with the seat of the disease, their variations have been men- 
tioned in the account of the symptoms. Some symptoms that are focal, 
and not diffuse, are produced by disease in so many places that they 
have but little significance, as, for instance, conjugate deviation of the 
head and eyes from the paralyzed side in severe hemiplegia. This may 
occur in lesions of the motor tract anj^rhere between the pons and the 
cortex. 



Bearing in mind these facts, we may proceed to our review of 
chief symptoms that are produced by lesions in various parts of the brain, 
and wo may commence with the cerebral cortex. In the frontal lobe, or 
rather what is termed the prefrontal lobe, in front of the ascending fron- 
tal, lesions are usually unattended hy either motor or sensory symptoms. 
Considerable mental change is rather more frequent than in other situa^ 
tions, sometimes taking the form of chronic insanity, and gives some 
support to the opinion which ascribes to this region a high psychical im- 
portance. But these symptoms are neither characteristic 
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The posterior part of tLe lowest frontal convolution on the left side con- 
stitutes, however, an exception to the negative character of this region, 
since diseaBe here, around the anterior limb of the fissure of Sylvius, causes, 
with much uniformity, motor aphasia. Lesions which irritate, and are 
adjacent to the ascending frontal, often cause convulsions that begin 
locally. It is possible that the limb centres are not always strictly limit- 
ed to the ascending frontal and that disease on the roots of the antero- 
posterior gyri may cause motor symptoms in some individuals, and not 
in others; bnt no symptoms have been observed in maa corresponding to 
the functional centres that you often see marked on these convolutions 
in diagrams of the human brain, to which they have been transferred 
from the brains of monkeys. 

In the central area of the brain (as the motor region — ascending fron- 
tal, ascending parietal, and superior parietal — is often termed), disease 
causes motor paralysis. There is loss of power in the leg when the 
lesion is in the upper third; loss of power in the arm, when in 
the middle third; in the face, when the disease is in the upper 
half of the lower third; in the lips and tongue, when'it is in the lowest 
part of the asceading frontal; and, on the left side, disease in this part 
caasea also aphasia. Partial hemiplegia is much more common than 
paralysis involving the whole of the side, and the parts that suffer to- 
gether are those for which the centres are contiguous in the cortex. Con- 
vulsions are exceedingly common, and their characteristic feature is the 
I local commencement, already described, and due to the commencement 
of the discharge in an irritated centre. This is not always the region 
moat diseased. Considerable disease in one centre may cause discharges 
to start from an adjacent centre less diseased, and therefore capable of 
greater functional excitement. Thus a tumor occupying the highest 
I part of the ascending frontal convolution (leg-centre) caused at first con- 
' vulsiona beginning in the foot, and afterwards, as the disease advanced, 
convulsions beginning in the hand (the centre for which was not invaded 
by the growth), and even sometimes in the face (the centre for which was 
some distance from the tumor). Thus, also, the disease causing such 
convulsion may be near, but not in the motor area. Henoe local paralysis 
is a much more decisive indication of the seat of the disease than are the 

Bonvnlaiona. In the case of tumor, with changing convulsions, 
entioned, the leg became paralyzed, and this indicated that it was 
leg-centre that the destruction of tissue was in progress. Disease 
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of the motor cortex often causes eome defect of aensation, chiefly in 
extremity of the paralyzed limb, and in the eonyulaioua a local sensory 
aura often precedes the spasm, may even pass through the whole side 
before the spasm cornea on (seep. 54). There ia never complete hem i- 
aniBstheaia when the diseaae is limited to the motor region. -Witfi the 
cutaneous defect in the extremity paralyzed, and even without this, there 
ia usually an inability to recognize the position of the limb; but we do 
not yet know whether this loss is confined to cortical leaiona. Probably 
it is not (see p. 61). 

Disease is rarely limited to the romaing part of the parietal lobe, 
Bopra-margiDal convolution, and there is much uncertainty aa to the 
aymptoms produced. The lesion usually extends to the motor region, 
causing hemiplegia, and there is some reason to think that ptosis accom- 
panies the hemiplegia rather more frequently when the lower parietal 
lobe is affected. Extensive disease of the outer surface of the hemisphere 
causes hemiauieathesia, and to thia the disease of the lower parietal lobe 
probably contributes. Defects of speech have been met with, although 
not with such constancy or uniformity as to furnish diagnostic indii 
tions. A lesion of the angular gyrus at the infero-poaterior angle of 
parietal lobe, probably causes crossed amblyopia, and disease about this 
region causes word-blindneaa; but the precise locality on which this 
symptom depends ia not yet known. Only one symptom is known to be 
produced by disease of the occipital lobe — hemiopia, — aud we are atiU 
uncertain as to the exact part of the cortex of the occipital lobe on which 
the symptom depends. Small lesions may cause a loss of only part oj 
the half-field, e.g., a quadrantic defect. It is probable that the sej 
tion between the preserved and blind halves of the field does not dil 
from that in the hemtopia produced by diseaae in the lower part of 
visual path, but that there is greater peripheral limitation of the pi 
served half of the field. Irritating disease of this region may cause e( 
vnlsions that commence with a visual aura referred to the oppositi 
or opposite side. Disease of the temporo-sphenoidal lobe causes no re 
or sensory symptoms unless the first temporal convolution is involv< 
and then deafness ia produced on the opposite side; and if the disease 
on the left side of the brain, there is word-deaf neas and sensory aphaaii 
Irritating disease may cause convulsions that commence with an audi' 
tory aura. If the lesion is on the inner surface of the lobe, and involves 
the anterior part of the uncinate oonvolution, it is probable that Iobb of 
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smell may occur on the same side. It is important to remember that ths 
inner part of this lobe is oonfciguoua to the optic tract; tumors are apt to 
invade the tract, and thua cause hemiopia, which may be followed by 
hemiplegia from the further extension of the disease into the cms cere_ 
bri. This is one of the commonest causes of hemiopia from disease of 
the tract. 

The islana of Reil is rarely the seat of isolated lesions, and much 
Tineertainty still exists regarding its functions and the symptoms that 
result from its damage. Defects of speech, similar to those that result 
from disease of the third frontal convolution, have been attributed to 
its disease; but the evidence is not altogether satisfactory, and speech- 
defect has been absent in some eases in which the insula was extensively 
damaged. 

InthewAiVe substance of the hemisphere, centrum ovale, the symp- 
toms produced by disease resemble, for tlie most part, those that are 
caused by lesions of the corresponding part of the cortex, with the ex- 
ception that convulsions are rare, save in the cases of tumors, which 
cause persistent irritation. The disturbance of speech is transient un- 
leaa the disease ia seated just beneath the cortex, for the reason given 
in a previous lecture {p. 113). Hemiopia results from disease of the 
white substance of the occipital lobe, hut it is doubtful whether crossed 
amblyopia occurs unless the angular gyrus is affected. Lesions of the 
white substance of the lower part of the temporal lobe, and of most of 
that of the pre-frontat lobe, cause no symptoms. 

In the central ganglia, lesions of either part of the corpus striatum 
canse no lasting symptoms if limited to the gray matter. I have seen 
the lenticular nucleus softened from one end to the other, and the pa- 
tient, before death, presented no indication of hemiplegia. I will not 
say that the disease caused no symptoms, but her history was very care- 
fully taken, and no account was obtained of any motor or sensory symp- 
toms, Such cases are, however, extremely rare, because, in most in- 
stances, the internal capsule suffers also. A lesion of the anterior or 
middle part of the optic thalamus may also cause no symptoms, although 
there is some reason to think that the latter sometimes causes athetoid 
inco- ordination. When the posterior portion of the thalamus, the 
pulvinar, is diseased, hemiopia occurs; but it ia not quite certain whether 
it depends on such disease, or whether there is, in these cases, interfer- 
ence with the posterior portion of the optic tract, which enters the 
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PoorpuB geniciilatum close to the posterior extremity of the thalamns!!! 
The balance of evidence, however, is in favor of the dependence of the 
aymptotn on the disease of the thalamus. 

The eSecta of disease of the internal capsule vary according to the 

Ljmrt damaged. When this is the anterior limb, between the caudate 

K »nd leatienlar nuclei, no Bymptoms result. Disease of the anterior 

two-thirds of the hinder limb causes hemiplegia of the ordinary type, 

and is indeed the most frequent cause of this. It is supplied by branches 

of the middle cerebral that are apt to be oochided, either from disease 

of the wall of the vessel, or from embolism, and the arteries adjacent 

rupture more frequently than any other, causing hsemorrhage, which 

tears across the fibres of the capsule. Since the fibres for the face 

^■ioccupy, as we have seen, the junction of the two parts of the capsule, 

Kan isolated facial palsy may result from a very small lesion in this 

Blituation; more frequently the adjacent fibres for the arm are involved 

B also. The leg-fibres, lying behind the others, may escape in a very 

Krsmall iesiou paralyzing face and arm, while damage to the hinder part 

w of the posterior limb causes a preponderant paralysis of the leg. If the 

I disease involves the hinder third of the posterior limb, occupied by the 

' sensory path, hemianiesthesia is produced — loss of sensation on the 

opposite side, head, trunk, and limbs, extending up to the middle line. 

The loss is sometimes complete ; more often a touch is unfelt, while a 

strong painful impression is perceived. The special senses are also 

often involved — taste, hearing, and perhaps smell being lost on the 

anEeathetic side, while vision to that side is lost in each eye (hemiopia), 

I The last may result either from disease of the external corpus genicula- 

I turn, or from damage to the fibres from the tract to the cortex, or from 

I damage to the optic thalamus, or from the latter to the cortex, Con- 

I siderable damage to one part of the capsule is often attended by slighter 

I and transient damage to the other part ; hence, hemianEesthesia may 

I occur at the onset of hemiplegia and pass away, and, conversely, hemi- 

I anEBsthesia is often accompanied by transient weakness of the limbs on 

I the auEesthetic side. Convulsions rarely result from disease in this 

I region. Incomplete hemiplegia is, however, often accompanied by 

I mobile spasm (athetosis, post-hem i pi egio chorea), but we do not know 

whether this is to be ascribed to the disease of the capsule, or to that of 

the adjacent ganglia, especially of the optic thalamus. 
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The corpora quadrigemina are so rarely damaged alone^ that there is 
much uncertainty as to the symptoms that depend upon their disease. 
The balance of eyidence is strongly against the old opinion that sight 
is impaired. The chief effect is probably derangement of the intemrA 
and external ocular muscles, sometimes impairment of certain oculf ; 
movements, especially of the upward movement of the eyes and ele^ar 
tion of the lids. An inco-ordination of movement, noted in some cases 
of tumor, is probably the result of pressure on the adjacent middle 
lobe of the cerebellum. 

Damage to the cms cerebri causes paralysis of the face and limbs on 
the opposite side, similar in character to that which results from disease 
of the internal capsule, but accompanied by palsy of the third nerve on 
the side of the lesion, and therefore on that opposite the hemiplegia. 
Hemianaesthesia may accompany the motor palsy, from implication of 
the sensory path in the tegmentum of the crus. Hemiopia may result 
from damage to the optic tract, but is very rare, since the lesion is 
usually situated close to the pons. Giddiness is common, but is usually 
ocular, and due to the affection of the third nerve. 

These facts of localization* are complex, and those that remain are 
still more so. It may be well, therefore, to postpone their consideration 
until our next meeting. 



LECTURE XIY. 



DIAGNOSIS OP THE SEAT OF DI8EASE (Continued) : PONS, MEDULLA. 
CEREBELLUM; BASE; VENTRICLES— REVIEW OF SYMPTOMS IN 
RELATION TO LOCALITY— BASAL LESIONS. 



Gentlemen, — In the last lecture, you will remember, we passed 
review the symptoms that are produced by disease in various pai 
of the cerebral hemispheres, in the crua cerebri, and in the corpora 
quadrigemina. To-day we resume our survey, and mast uotice first 
the effect of leaiona in the mesencephalon, where the paths from the 
hemisphere to the timba are brought into proximity, where the chief 
cranial nerves have their origin, and where an important junction 
effected between the fibres of the cerebellnm and those of the cerebi 
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In the ^o«s Fnro/ii a lesion usually causes very characteristic symp- 
toms, due to the implication of the motor path and of the cranial nerves 
that arise from the pons. Tumors that grow slowly, however, and 
especially infiltrating tumors, may attain a considerable size withe 
causing characteristic symptoms. These symptoms may be either t 
lateral or bilateral, according as the disease affects only one or both s. 
of the pons. Motor palsy is very common. Hemiplegia results from 
one-sided disease, the limbs being, of course, paralyzed on the side 
opposite the lesion. In the upper half of the pons, the upward facial 
path having crossed, the face may suffer with the limbs exactly as in 
disease of the internal capsule; but the chief characteristic of pouting 
hemiplegia is the affection of the fifth, facial, or sixth nerves on 1 
side of the lesion, that is, opposite to the limbs, constituting the ' 
nate hemiplegia" already described (see p. 50). The tongue sufl 
in ordinary hemiplegia. The palsy of the fifth may involve motor c 
sensory parts, or both; in the latter case there is usually much pain, : 
ferred to the face, and due to irritation of the nerve- 
there is crossed palsy of the face, this is usually unaffected on the e 
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of the limb-palsy, bat estenaive disease may affect both Bides of the 
face. Paralysis of the sixth may be associated with weakness of the 
opposite internal rectus, causing a paralytic inability to move the eyea 
towards the aide of the lesioii; they are thus in conjugate dcYiation to- 
wards the paralyzed limbs, a direction opposite to that usually eansed 
by disease of the hemisphere. In bilateral disease, various combina- 
tions of paralysis of limbs and the cranial nerves may occur. In acute 
lesions of the upper part of the pons, the pupils are often strongly con- 
tracted from irritation of the nuclei of the third nerve, and, if these 
nuclei are invaded and destroyed, the contraction gives place to dilata- 
tion and immobility. Diflaeulty in swallowing and articulation result 
from interference with the adjacent medulla. Convulsions are rare, ex- 
cept in acute lesions, and are then sometimes peculiar, affecting both 
arms or both legs. Tonic spasm in the paralyzed limbs is a common 
and often very marked symptom. Rhythmical movements are rare. 
Antesthesia is leas common than motor palsy, and the two are often dis- 
proportioned. The explanation of this lies in the fact that the motor 
path is in the anterior part of the pons, the sensory in the outer part of 
the posterior portion, the two being separated by the deeper transverse 
fibres. Tingling and formication in the limbs are occasionally marked. 
DeafnesB is rare. Vision is never directly impaired. Taste may be 
affected. Giddiness is sometimes severe. Respiration may be irregular 
and abnormal in acute lesions, and the action of the heart irregular. 
Hyperpyrexia may result from acute lesions, oven from hemorrhage, 
which elsewhere, at first, depresses the temperatnre. Pyschical disturb- 
ance is much more frequent than might be expected, and is perhaps 
produced by the damage to the fibres and gray matter which, as we have 
seen, connect the cerebellum with the frontal and temporo-occipital 
regions of the brain. It varies much in character. 

The most vulnerable part of the medulla oblongata is the region occu- 
pied by the nerve-nuclei at and below the apex of the fourth ventricle; 
and the moat characteristic symptoms are those resalting from the dam- 
age to these nuclei. It ia rare for an acute lesion to cause aymptoms in 
the limbs, because a small lesion rarely occupies the pyramidal lesion, 
and any other than a very small lesion usually causes rapid death by in- 
terference with the cardiac and respiratory centres. Hence, also, if 
limh-aymptoms do occur, they are slight; they may be nnilateral or 
bilateral. A small tumor may, however, paralyze the limbs on one 
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side, and the hypoglossal nerve on the other; but these 
depend more frequently on disease outside the medulla, compressing i1 
and the nervo-trnnks. The spinal accessory and glosso-pharyngeal 
nerves may then sufEer with the hypoglossal, causing the group ,of symp- 
toms that I have already described (p. 91}. Ofacnte lesions, hfera or- 
rhage usually kills with great rapidity. Necrotic softening from disease 
of the vertebral, oeeluding its branches, sometimes causes symptomi 
sndden onset in the mnaclea supplied by the bulbar nuclei. There is 
palsy of the lips, tongue, palate, pharynx, and sometimes of the larynx, 
constituting acute labio-glossal paralysis, or acute bulbar paralysis. The 
loss of power is usually equal in the muscles of both sides, the lesion 
being seated commonly near the middle line. The palsy is occa- 
sionally irregular in distribution. The onset may be attended 
by Biibjective sensations in the legs, tingling, formication, etc., and 
rarely by some motor weakness. Chronic degeneration of the nuclei 
causes a palsy of similar distribution, but differing in its course, being 
gradual in onset and progressive in course, and often associated with 
muscular atrophy elsewhere. 

Active disease of the middle peduncle of the cerebellum causes very 
peculiar symptoms, the chief being an involnntary "forced" movement 
of the trunk on its longitudinal axis, sometimes toward, sometimes from 
the side of the lesion. It may amonnt only to an irresistible tendency to lie 
on one side. There isusually vertigo, and sometimes it is very intense. The 
eyes may be directed to one side even when there is no tendency to fall, 
or there may be a difference in their height, or nystagmus. These symp- 
toms are absent in stationary lesions, and so probably depend on active 
irritation, and not on a loss of nerve-strnctures. Associated with these 
tliere are often other symptoms of disease of one side of the pons — pai 
lysis of the fifth nerve and of the opposite limbs. 



The middle lobe of the cerebellum seems to be concerned in some ws; 
with the maintenance of equilibrinm, and its disease causes unsteadi- 
ness in standing and walking. The feet are placed wide apart, and the 
defective balance may cause the patient to progress in a zig-zag manner. 
Sometimes there is a tendency to fall forwards or backwards. The gait 
resembles that of a drunken man. There is not the irregular movement 
of the legs common in locomotor ataxy. A sense of giddiness often 
accompanies the unsteadiness, but is not its causcj since either may exist 
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alone. The unsteadiness may be present when the lesion is stationary, 
as well as in active disease. Vomiting is also frequent, but occurs only 
when the morbid process is active. The intimate connection of the vagus 
with the nerve-structures concerned in equilibration is seen in the vomit- 
ing that attends severe vertigo, such as that from ear-disease, and in the 
curious phenomena of sea-sickness, which probably depend on oscilla- 
tions of the endolymph in the semicircular canals. This connection 
probably underlies the vomiting from cerebral disease. The vomiting may 
occur apart from giddiness. The same combination of vomiting and 
giddiness occurs in labyrinthine vertigo, but the giddiness is more dis- 
tinctly paroxysmal, and the vomiting occurs only in connection with 
the giddiness. Disease of the hemispheres of the cerebellum, away from 
the middle peduncle, causes per se no definite symptoms of diagnostic 
significance. As Nothnagel first pointed out, the unsteadiness of move- 
ment does not result from disease in the hemisphere unless it is of such 
a character as to compress the middle lobe, and it is on this compression 
that the symptom depends. Compressing lesions, such as a tumor, in 
either the middle lobe or hemisphere, exert pressure on the pons, the 
tentorium limiting the pressure to the subtentorial region. Hence there 
is often slight weakness of the limbs, with signs of descending degenera- 
tion, increased myotatic irritability, etc., and sometimes feelings of 
numbness and tingling, rarely anaesthesia. When the tumor is in the 
middle lobe of the cerebellum, the limbs suffer on both sides; when in 
one hemisphere, the limbs suffer chiefly on the opposite side. The cra- 
nial nerves arising from the pons are also sometimes compressed, and the 
sixth nerves suffer earlier and more than others, on account of their ex- 
posed course over the convex surface of the pons. The facial and audi- 
tory nerves sometimes suffer from lateral pressure. Convulsions are 
rare in disease of the cerebellum, but tonic spasm, tetanoid in character, 
may occur in tumors, and is probably due to pressure on the pons. 

In the ventricles of the brain only two lesions are common, haemor- 
rhage and liquid effusions, and the localizing symptoms are subordinate 
to those special to the morbid process. 



It may be well to recapitulate the chief facts that we have con- 
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fiidered, looking at them from the side of the symptoms instead 
localities. 

Persistent hemiplegia of the ordinary type may be dne to diseafle of 
the motor path anywhere above the middle of the pons, or to disease of 
the motor cortex; bat transient hemiplegia only shows that the di 
is near the motor path or centres, so that it can afEeet them indirectly. 
Since the most common seat of disease causing hemiplegia is the corpus 
striatum and internal capsule, there is always a presnmption that simple 
hemiplegia is dne to a lesion in this situation. If the iace and tongne 
escape, the disease may be anywhere in the path between the medulla 
and cortex, but there is a presumption that it is above the internal cap- 
sule, where the elements of the motor path are wider apart, and partial 
escape is more probable. The same is true, ^fortiori, of partial hemi- 
plegia affecting face and tongue, or face and arm. These, if of sudden 
onset, are most frequently due to disease of the cortex, sometimes to that 
of the white substance, very rarely to a lower lesion. I say " if of sud- 
den onset," because when a chronic lesion involves the motor path any- 
where, the gradual impairment may be at first partial in extent; but if 
the path, at the seat of disease, occupies a small area, all parts soon suf- 
fer, and the initial weakness of one lirab, as it deepens in degree, soon 
extends to the other parts of that side. Considerable loss of sensibility 
on the extremities of the limbs, not through the whole side, probably 
indicates a lesion of the cortex or white substance beneath. Well-marked 
hemianEcsthesia with hemiplegia indicates an extensive lesion of the pos- 
terior limb of the internal capsule; and conjoined hemiopia indicates 
that the lesion is extensive at the posterior part of the capsule, and has 
damaged the optic path, probably at the corpus geniculatum, or optic 
thalamus. Affection of the other special senses has the same indication 
of extensive mischief in this situation, but it is more common to have 
these symptoms without than with persistent hemiplegia, becanse a le- 
sion in this region does not often destroy the motor part of the capsule. 
Paralysis of a cranial nerve on the side opposite to the hemiplegia indi- 
cates a lesion at the level of origin of that cranial nerve — the crus in the 
case of the third nerve, the middle of the pons in that of the fifth, the 
lower third of the pons in the case of the facial or sixth, the junction of 
the pons and medulla in the case of the auditory, the medulla in 
case of the hypoglossal or spinal accessory. It must be rememl 
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however, that the localizing significance of these associations depends, in 
the case of acute lesions, on their simultaneous onset. 

Ptosis, slight in degree, on the side of the hemiplegia, indicates 
that the lesion is in or near the cortex, with a slight probability that it 
involves the parietal lobe, or subjacent white substance. Conjugate de- 
viation of the eyes from the side paralyzed, or towards it if there are 
convulsions or much rigidity of limb, is of no localizing significance; 
towards the side paralyzed, without any indications of spasm, it sug- 
gests, but does not prove, an affection of the pons; if there is complete 
loss of power of the external rectus, and slighter loss of power of the op- 
posite internal rectus, the lesion is certainly in the pons. General 
convulsions are of no localizing significance: those that begin locally, 
if they occur at the onset of an acute lesion, suggest, and, if they at- 
tend a chronic lesion, practically prove, that the disease is in, or just 
below, the cortex. 

Paralysis of the cranial nerves has a far more definite significance 
when several nerves are affected, than when one suffers alone. The 
possible seats of the disease are numerous in the latter case, while in the 
former they are few, and often there is only one position in which a sin- 
gle lesion can cause the combined effect. We may glance at a few of 
the more important indications. Palsy of one h3rpoglossal is probably 
due to disease outside the medulla, and this is certain if the palate 
and vocal cord (spinal accessory) are affected also. Paralysis of both 
sides of the tongue is usually due to disease of the nuclei (very rarely to 
symmetrical disease of the cortex), and the lips usually suffer with the 
tongue. If the face is paralyzed, we must note first whether the lower 
part suffers chiefly, and the muscles of the forehead and eyebrow es- 
cape, and electrical excitability is normal, or whether all parts are in- 
volved, and f aradaic irritability is lost. In the first case the lesion is above 
the nucleus, and is probably above the internal capsule. In the second it 
may be in the nucleus, the fibres of origin in the pons, at the base of 
the brain, or in the temporal bone. Paralysis of the lower part of the face 
and tongue on one side indicates disease of the hemisphere, and probably 
of the cortex. If the auditory nerve suffers with all parts of the facial, 
and there is no ear disease, the lesion is at the base. Paralysis of all 
parts of the face on each side is due to symmetrical disease of the fa- 
cial nuclei, or of the nerve-trunks at the base. 

Paralysis of one ocular nerve is usually due to disease at the base; 
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that of all tlie iieryea of one eye indicate disease about the orbital fls- 
Bure; that of all the nervea of both eyes, degeneration of the nuclei. 
Paralysis of the sixth aud facial (without the auditory) is due to diseaae 
within the pons. Paralysis of the sixth and iiftfi indicates disease out- 
side the pons; although the nerves arise at some distance from each other, 
the sisth nerve, as it enters the dura mater, is nearer the fifth than is 
any other nerve. 

The diagnosis of the seat of disease at the base of the brain has to 
be made chiefly in the case of chronic and subacute lesions, especially 
tumor and meningitis. In hiemorrhage the local symptoms are rarely 
prominent^— they are lost in the more diffuse symptoms that attend severe 
hiemorrhage. In all baaal disease the characteric symptoms are due to 
the interference with the cranial nerves. In disease of the posterior 
fossa, the fifth and those below are liable to siifEer, and with them the 
motor tract, causing weakness iu the limbs, usually hemiplogic in char- 
acter. The distinction from disease within the pons depends on the cir- 
cumstances that tlie nerves more often suffer bef oi'e the motor tract to the 
limbs when the lesion is at the base, and that the combination of nerves 
affected is different. Thus, at the base, the fifth and sixth nervea may 
suffer together, tlie facial and auditory, the spinal accessory and hypo- 
gloaaal. Tlie nerves are often irritated before they are paralyzed, and 
anch irritation of the fifth nerve often causes very severe and persistent 
neuralgic pains in the regions supplied by it, and sometimes (although 
rarely) trophic changes in the eyeball. Rigidity in the limha may occur 
from the same eanse, especially when the anterior pyramids of the 
medulla are exposed. General convulsions are rather more common 
from disease outside, than from that within the pons. Pressure on the 
middle peduncle of the cerebellum may give rise to intense vertigo and 
forced movements. 

la the middle fossa, symptoms are chiefly produced by tumors, and 
the most important are symptoms of irritation and paralysis of the fifth 
nerve. The Gasserian ganglion is often iuvolved, and trophic changes 
in the eyeball are common. In the interpeduncular space, morbid pro- 
cesses affect one or both third nerves, aud often also one or both motor 
tracts in the cms. Less commonly one optic tract is involved, causing 
hemiopia. Convulsions are rare. 

In the anterior fossa, properly speaking, only the olfactory nei 
Buffer, but disease usually involves also the neighborhood of the 
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Turcica^ and damages one or both optic nerves^ and the nerves to the 
eyeball in the wall of the cavernous sinus or at the orbital fissure. Occa- 
sionally the optic chiasma is involved; the fibres that decussate suffer 
chiefly, causing temporal hemiopia. 



LECTURE XY. 



DIAGNOSIS OF TEE NATURE OF THE LESION— PATHOLOGICA: 
FACTS BEARING ON DIAGNOSIS. 
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Gentlemen, — We pass now to the last diagnostio problem that we 
have to consider, that which is, beyond all queation, the most important — 
the nature of the disease. The diagnosis of the seat of the lesion is a 
problem of fascinating interest to the physician, but the limits of its im- 
portance to the patient are quickly reached. It is important to the latter 
chiefly as affording, in some instances, a guide to prognosis. But on the 
nature of the lesiou depend not only the prognosis for the moat part, hut 
the treatment altogether. This pathological diagnosis is, as a general 
problem, far more difficult than the anatomical diagnosis. It is true, 
the nature of the disease can sometimes he determined with ease and 
confidence; more often, however, it is a question of much difficulty and 
some uncertainty, 

We may ask, in the first place, what are the morhid processes that we 
have to deal with? We may leave out of the question those that are of 
extreme rarity, and consider only those that yon are likely, at some time 
or other, to meet with — that constitute about ninety-nine out of every 
hundred cases of organic brain-disease that come under observation. 
They are not very numerous, fortunately for us. They are inflamma- 
tion, chiefly of the membranes, hEemorrhage, necrotic softening, tumors, 
aneurism, abscess. Congestion and anaemia of the brain, which are not, 
properly speaking, organic diseases, we shall have to notice incidentally, 
and likewise three degenerative diseases — the bulbar degeneration that I 
have already mentioned to you, termed, from its symptoms, "labio- 
glosao-laryugeal paralysis"; "general paralysis of the insane," which 
differs from other varieties of insanity in the obtrusive physical symptoms 
that form part of its manifestations, and often come into diagnostic 
relation to other diseases; and, lastly, "disseminated" or "insular 
sclerosis." • 
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To understand many of the indications of theae lesions, it ie needful 
for you to know certain facts regarding their mode of "production and 
pathology. It is impossible for me to enter, iiowever briefly, into the 
pathology of all these lesions. But tlie diagnostic indications, that I 
shall have to describe to yon, will be clearer if some facta, regarding 
especially the acute lesions, are fresh in your minds. It may be well, 
therefore, for me to depart, in this lecture, from the special subject of 
this course, in order to direct your attention to these points. 



Although we shall deal with congestion of the brain only incidentally, 
you should know that doubt has been thrown on the very occurrence of 
this condition — doubt that is a reaction from another extreme. The 
state of the blood-vessels of the brain after death ia very little indication 
of what their condition has been during life. Before this fact was 
known, post-mortem distention was regarded as evidence of ante-mortem 
congestion, and an extensive symptomatology was elaborated on insuffi- 
cient grounds, — a symptomatology that has, to some extent, survived its 
data. Further, "congestion of the brain," like "congestion of the 
liver," is a ready diagnostic refuge, seductive in its simplicity, and 
pleasing in its preciseuess; easily affirmed, and not easily disproved. 
On this basis of pure diagnostic fancy, as I hinted in a previous lecture, a 
symptomatology has also grown up, and even statistics have been 
amassed, the value of which is considerably below zero. It is not sur- 
prising that from such reasoning a reaction has arisen, and the influence 
of cerebral congestion in causing symptoms has been narrowed almost to 
the vanishing point. Even its pathological possibility has been denied, 
on an old ground that the total amount of blood within the cranio-verte- 
bral cavity cannot vary because the cavity is a closed one. The truth 
probably lies between the two extremes. Cases in which the pronounced 
symptoms can reasonably be ascribed to active cerebral congestion are 
rare— far less frequent than might be imagined from the place that the 
condition still occupies in the written and unwritten pathology of the 
present day. But the state probably does occur, and does cause symptoms. 
The mobihty of the cerebro-spinal fluid permits the condition of the 
vessels to alter in various parts of the brain. If the cranio- vertebral 
cavity were hermetically closed, the variations could, perhaps, be only 
relative, not abaolnte. But the numerous foramina of this cavity are 
occupied by structures of little resistance, which may yield in some 
U 
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degree. Moreover, the large aurface-veiiis of the Bpinal cord, and aiill 
more the enormoua plexuses outside the spinal dura-mater, must con- 
stitute au important means of adaptation. The processes of secretion 
and absorption of the cerebro-apinal fluid, always in constant operation, 
must he influenced by the degree of pressure, and may quickly vary with 
it. The enormous variations in the amount of blood in the nerve- 
centres after death may be admitted aa affording some evidence that 
variations are possible during life. Lastly, the eye is closed at least as 
completely aa the cranio- vertebral cavity, and variations in the amount 
of blood within it may be actually seen. If, then, you should hear the 
possibility of cerebral congestion denied, remember that the grounds on 
which it is denied are not themselves unimpeachable. 

Cerebral hiemorrhage is almost always due to the rupture of au 
artery, very rarely to that of a vein. Veins rupture chiefly under such 
extreme pressure as, for instance, attends strangulation, and, under the 
same circumstances, capillaries may give way and cause minute extrava- 
sations. Arteries, however, rupture only when their walls are diseased, 
and they may then give way without any extraordinary pressure of the 
blood. Before they burst, their wall yields before the blood -pressure; 
becoming extended, it becomes thinned. This bulging of the wall con- 
stitutes an aneurism, and hence it is that the hsemorrhage always results 
from the rupture of an aneurism. A healthy wall never yields before 
the blood -pressure; local change, lessening the elasticity of the wall, 
always precedes dilatation. The aneurisms that result may be on the 
large arteries of the base or surface, and are then of some size; or they 
may be on the small arterial branches, especially on those that go to the 
central ganglia, and are then minute. They are often called " miliary 
aneurisms," from their small size. The larger aneurisms on the arterial 
trunks are meant when we speak of " intracranial aneurism," without 
the qualification of " miliary," They are often single, and always few. 
The miliary aneurisms are always numerous; sometimes there are hun- 
dreds scattered through the brain. The difference in name has its justi- 
fication, not only in the difference in size, but also in the fact that the 
miliary aneurisms cause no symptoms until they rupture, while the 
larger aneurisms sometimes cause considerable disturbance, especially 
when they are seated on a vessel at the base of the brain. The local 
change in the wall that permits the vessel to yield before the pressure of 
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the blood is usually syphilitic disease or inflammation of the wall — either 
traumatic inflammation, or more often tliat which results from imper- 
fect obstruction by a plug that comes from an inflamed cardiac valve, 
and excites an inflammation in the wall of the vessel similar to that in 
its source. The aneurism sometimes results from simple fibroid degene- 
xation, but rarely from the fatty degeneration that is termed atheroma. 
The miliary aneurisms are chiefly the effect of a primary degeneration of 
the wall, of which an important cause ia the strain to which tiiey are ex- 
posed, aided by the degenerative tendency that ia incidental to age, and 
that attends certain constitutional diseases, especially kidney disease. 
Thus the agent in their rupture, the blood -pressure, is in some measure 
the agent of their production. The reason why they are so frequent on 
the branches to the central ganglia ia probably because these small arte- 
ries come off directly from a large vessel, and so the blood-pressure within 
them is higher than it is in most arteries of the same size. Although 
the degeneration differs in nature from the atheroma on the larger 
arteries of the base, their causes are in part the same, and therefore the 
two often coincide. Indeed, it has been suggested by Nothnagel that 
the atheroma may aid the production of the minute aneurisms, by the 
loss of elasticity in the larger arteries that it involves; this renders the 
pulse-wave more sudden in the branches. From these facts it follows 
that, while there ia no necessary relation between the two, atheroma is 
present in three-fourths of the cases in which there are miliary aneurisms 
(Charcot and Bouchard). It is important to remember this fact. Cer- 
tain general diseases cause a tendency to hemorrhage, appai-ently from 
an acuta degeneration of the walls of the smaller arteries. These are 
ecnrvy, purpura, pernicious ansemia, and especially leucocythfemia. 
They may cause cerebral hffimoirhage. The actual rupture of an arterj 
may be produced by the strain of some muscular effort, or it may occu) 
when the patient is at perfect rest, even, indeed often, during sleep. 
The frequency of rupture during sleep ia remarkable. Perhaps it is de- 
termined by the influence of gravitation; or rather by the loss, in the 
recumbent posture, of this aid to the return of blood from the head, 
Possibly, moreover, the contraction of the vessels, that is said to attend 
sleep, is of arteries smaller than those that are the seat of miliary aneur- 
isms, and may even increase the blood-presaure in the latter, and help to 
determine rupture. 
^^^Tfc^ moat frequent seat of hasmorrhage is the corpus striatum, the 
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TBsselB that rupture being especially the branches of the middle cerebral 
tliat pasa through the lenticular nucleus to the caudate nucleus, or optic 
thalamus. The extravasation ploughs up the adjacent parts, and usu- 
ally tears through the internal capsule, causing hemiplegia. Often it 
extends into the white substance of the hemisphere, or bursts into the 
lateral ventricle. Although hiemorriiages may occur in any part of the 
brain, they are comparatively rare in the cortex — a fact of considerable 
diagnostic importance. Meningeal htemorrhage usually results from the 
rupture of an internal extravasation, or from traumatic causes, but it 
sometimes occurs in maladies that ejitail a hsemorrhagic tendency, and 
in the course of severe acute specific diseases. Ventricular hfemorrhage 
is also usually secondary, rarely primary. 

The extravasation of blood destroys the tissue-elements by lacerating 
them, and it compresses the adjacent structures. All mechanical injury 
irritates nerve-elements at the moment of its occurrence, and the irrita- 
tion that attends hasmorrhage is probably one agent in the production of 
the loss of consciousness that usually attends the onset. This is doubt- 
less due also to the pressure to which the whole brain is exposed, strik- 
ing evidence of which is afforded by the extent to which the falx is 
sometimes bulged to the other side. It is to this compression that the 
"indirect" symptoms are chiefly due. But the adjacent damage thus 
produced m not usually intense in degree, although it is wide in range, 
and the ultimate recovery from these indirect symptoms is often per- 
fect. 

The terra "softening of the brain" is used in medicine in its literal 
sense. You have probably already discovered that the popular use of the 
word is somewhat metaphorical, and that it is applied to various con- 
ditions in which there is a slow failure of mental power — comiitions 
which we call by other names, because there is no actual softening. The 
chief pathological causes of softening are inflammation and arrest of 
blood-supply. There is, indeed, a third form, simple chronic softening, 
but it is excessively rare {not more than half a dozen wo 11- authenticated 
eases are on record), and we need not, therefore, concern ourselves with 
it. Inflammatory softening we may also leave for the present; it is rare, 
except as the result of injury (which is beyond our province), or as the 
first stage of abscess, and that we shall consider separately. The arrest 
of blood-Bupply is due to the obstruction of an artery, and causes a 
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sudden cesaation of all the proceBses of nutrition that maintain the vital- 
ity of the tissae- elements. It is, therefore, often called "necrotic aoffc- 
ening." This arrest of blood-supply, whatever be its cause, always in- 
volves derangement of the collateral circulation, and considerable 
secondary inflammatiou abont the necrosed area. Hence the extent of 
the damage that falls short of destruction ia usually relatively greater 
than in hemorrhage. 

Two pathological processes may cause the occlnsion of an artery. A 
plug, fromWbme distant source, may be carried into the vessel hy the 
blood, and he arrested where the artery is narrower than the plug — 
" embolism " — or the clot may be formed in the artery by coagulation of 
theblood at the spot obstructed — " thrombosis. " Emboiiam is the result of 
morbid processelsewhero in the vascular system, commonly in the heart. 
Thromboaia is the result of a local diaeaae of the artery, by which ita cali- 
bre is narrowed and its inner surface is changed. The alteration in tbe 
■wall of the vessel ia nsoally the result of atheroma or of syphilitic dis- 
ease. The process of occlusion is often aided by a change in the blood, 
rendering it more prone to coagulate, or by a slower movement of the 
blood, giving it more time to coagulate. These may not only aid arterial 
disease in. causing the occlusion, but may also sometimes cause throm- 
bosis when there ia no change in the wall of the vessel. 

Although the processes of thromboaia and emboiiam are thus distinct, 
and usually occur under different conditiona, the two may be combined in 
a. secondary manner, which does not, however, affect the important and 
essential distinction between them. If an artery is obstructed by embo- 
lism., the distal portion may be farther occluded by coagulation of the 
stagnant blood. Again, if a clot forms in an artery, it may be de- 
tached, and may be moved a little further on. This is, de facto, embo- 
lism, although the result of thromboaia, and classed as thrombosis, since 
the clot is formed in the artery occluded, although not at the point of 
occlusion. Again — and this ia very important, — under certain circum- 
stances the influences that cause thrombosis may also cause embolism. 
A »tate of the blood, inclining it to coagulate, may cause a clot to form, 
not in an artery, but in the heart, especially when there is valvular dis- 
ease, and the clot may be detached. We shall presently see the impor- 
tance of this consideration. 

In embolism the source of the plug is between the pulmonary capil- 

B and the artery obstructed, and it usually comes from the left side 
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of the heart, from a diseased valve, or from a clot in one of the cavities 
of the heart (especially from the auricular appendix), rarely from the 
aorta or the liioga. The valvular disease that is most frequently the 
source of a plug ia mitral constriction, perhaps because the slow flow 
during the diastole favors the collection of corpuscular vegetations on the 
valve, and the rapid flow during the systole of the auricle favors their 
detachment. When tlie endocarditis is septic, and the vegetations con- 
tain organisms, the obstructing piug is apt to excite similar inflamma- 
tion in the brain; and if the endocarditis is virulently septic, or the 
plug comes from a septic focus in the lungs, the inflammatioQ in the 
brain may go on to suppuration. 

The arterial dise^^e that causes tliromboeis is chiefly, as I hare said, 
atheroma or syphilitic disease. The latter occurs at all ages at which 
acquired syphilis is prevalent; it is rare from the inherited diaeaae. The 
atheroma is essentially a senile change, but its occurrence is facilitated 
and hastened by Bright's disease and some other influences. It increases 
in frequency as life advances. Both atheroma and syphilitic disease of 
the arteries are sometimes symmetrical, and may thus give rise to sym- 
metrical lesions in the brain, and symmetrical symptoms in the limbs. 
Remember that traumatic injury, such as a fall on the head, or a blow, 
may cause arterial disease, which may lead to thrombosia long after the 
injury, perhaps after it has been long forgotten. 

Thrombosia may occur, not only in the arteries of the brain, but also 
in the cerebral sinuses and veins. That in the sinuses is an extremely 
grave aflection, not only by reason of its effects, but also because it ia 
generally due to disease that ia in itself most grave, and of which the 
thrombosis forma only a terminal incident. Its causes are of two kinds. 
The first is general disease, favoring clotting by changing the quality and 

S retarding the flow of the blood. This form occurs with especial fre- 

quency in young children, and occasionally in very old age. Now and 
I then it occurs at the end of phthisis, after childbirth, or in thu course 

of cancer. In the young, its most common cause is exhausting diarrUcea, 
or some other prostrating disease, suchaa an acute specific. The sinua 
affected in these cases is almost always the superior longitudinal. I drew 
(your attention, in an early lecture (p. 36), to the conditions of the circu- 
lation m the veins and sinuses, that render a general cause so effective. 
t The second great cause of thrombosis in the slnnaos ia adjaoent disease. ii 
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Almost any sinus may be thas affected. The diaeaae is often in the bones 
of the eal" or of the skull; sometimes it is outside the etull, as erysipelas 
of the scalp. This form occurs with nearly equal frequency throughout 
life, but it is rare at those periods at which the primary thrombosis is 
most frequent — infancy, and extreme old age. Inflammation of the wall 
of the vessel usTially precedes coagulation of the. blood within it. You 
may rem.ember that I drew your attention (p. 37) to the communications 
between the sinuses and the veins of hones and exterior of the skull, 
■which permit the ready extension of morbid jirocessss. 

The clot that forma in a sinus often estenda into the veins. The 
obstruction of a vein causes intense hypenemia of the part from which 
the blood should be removed by the vein; the capillaries rupture, and 
the minute extravasations that result may occupy almost all the area of 
the affected region. Some softening results, but there is not the whole- 
sale softening tliat is produced by arterial occlusion. 

In text-books on Medicine you will find very little about thrombosis 
in the cerebral veins, as distinguished from that in the sinuses. The 
condition is rarely seen post-mortem, but it is now and then met with. 
I believe, however, that it is both a frequent and an important lesion, 
and I must digress for a few minutes to give you the grounds for my be- 
lief. The condition is rarely seen in the post-mortem room, because, if 
a patient dies, the clot extends into the sinus, and the case is regarded 
as one of thrombosis in a sinus. Thrombosis, limited to a vein, although 
it may he seriona in its effect on the brain, is not a lesion that involves 
much danger to life. The patients recover, and we can only infer the 
occurrence of the lesion from the character of the symptoms. I have 
seen it post-mortem in phthisis, and it has been observed in other condi- 
tions of prostration. It is occasionally met with in the course of tnber- 
cular meningitis, and may, I believe, occur when there is meningeal 
tubercle, but no inflammation. When it has been- met with as an iso- 
lated lesion, one or two large veins over one hemisphere have been found 
occluded. The symptoms that suggest its occurrence are most fre- 
quently met with in children who are suffering from debility, exhausting 
diseases, especially acute specific diseases, or after blows on the head. 
Now and then they occur in very young children without any exciting 
cause, and I have observed that such cases, like infantile spinal paralyais, 
frequently occur during the hot season of the year. 

The symptoms are these : — young children are attacked with hemi- 
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plegia, and recover, usually with some persistent weakness in the arm. 
often with mobile apasm in the limbs, — "infantile hemiplegia," or "in- 
fantile spastic hemiplegia," the cases are termed. The onset is often 
attended with severe convulsions, and convulsions may recnr, even 
through life, affecting chiefly the paralyzed liml)s, and constituting a 
distinct variety of epilepsy.' We have already geen, in the lecture 
on the local diagnosis, that such symptoms indicate a cortical lesion. 
The conditions under wliich this hemiplegia comes on make it almost 
certain that the lesion is thrombosis. Thrombosis in arteries is a very 
rare post-mortem lesion in childhood, far more rare than is combined 
thrombosis in sinuses and veins. The initial symptoms in these cases 
resemble closely those that have been observed in the rare cases in which 
a vein of the cortex is occluded in an adult. When children die with 
euch symptoms as I have mentioned, we commonly find thrombosis in 
the longitudinal sinus, and veins opening into it. As I have said, the 
thrombosis probably extends into the siuus, and into the veins of the 
other hemisphere, dnring the final period. From these considerations it 
seems to me practically certaiu that, in the cases that do not die, there 
is thrombosis in one of the surface veins that ascend to the longi- 
tudinal sinus, in which, for the reasons I give you, the circulation is so 
slow, and the conditions are so favorable to coagulation. When such 
cases die in later life, the appearances are in perfect harmony with this 
view. "We do not find aoy cavity, euch as we do find when an artery 
has been occluded by embolism in childhood, and the subject dies in 
adult life. We see that in a certaia area of the cortex the convolutions 
are shrunken and indurated — exactly the state that we should expect 
from the appearances presented by recent cases, and very unlike tliat 
observed in cases m which we are sure that there has been occlusion c 
of an artery. 

These cases are not at all infrequent. They constitute the majoriti 
of oases of sudden cerebral disease in childhood. The hemiplegia may 
he transient, when the lesion is near, but not in, the motor part of tlie 
cortex; and probably, in early infancy, the initial hemiplagia, if slight 
in degree, may altogether escape observation. Most cases of epile[ 
dating from infancy, in which the fits are one-sided, are of this chai 
ter. We can very often trace slight indications of hemiplegia, in trifli 

"EpiiepBy and otlier Clironio Convulsivo Diaorders," p. 137, tor 
RDBlysis and description of this form. 
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Treakness, slight Bhortening of the limbs, or in a alight degree of the 
mobile spasm that is so marked in tho more severe cases. 



There is another frequent form of infantile cerebral palsy about 
which yon will also find little in your manuals. In this form, paralysis 
of one side, or more commonly of both "Bides, is what is called "congeni- 
tal," that is, the child comes into the world with it. The affection, like 
most others of a congenital character, ia popularly attributed to "ma- 
ternal impressions," to some emotional disturbance that the mother 
€ndured during her pregnancy. The designation is not altogetlier inapt, 
for the actual mechanism is a maternal impression, althongh it is one in 
which the mother ia the agent, and not the subject. The cause is the 
injury the child suflera during its passage into the world. The affec- 
tions are most common in first children, and after lengthy labors, and 
they are more common when the presentation is unnatural than when 
the head presents. They occur in forceps cases also, but probably the 
effect ia due much leaa to the instrument than to the conditions that 
render instrumental aid necessary. The chief pathological mechanism 
ia meningeal hamorrhage, compressing certain parts of the brain. In 
children who die, there is usually a thick layer of blood over part of the 
cortex. The clot often lies over the motor convolutions, and may 
extend from the longitudinal fiaaure to the fissure of Sylvius. There is 
sometimea extensive sub-tentorial bfemorrhage from laceration of the 
cerebellum, but the blood over the cerebrum seems generally to come 
from the meningeal vessels, and not from the brain-substance. The 
child often suffers from convulsions during the first few days of life, 
and the limba may even thfn be observed to be motionless. After a 
time some movement returns, and the ultimate condition is a combina- 
tion of paisy and spaam, with spontaneous movements, and an irregular 
choreoid inco-ordination, constituting what has been variously termed 
"double spastic hemiplegia," or "bilateral athetosis," or "congenital 
chorea." The irregular movements are chiefly marked in the arms; in 
the legs the spasm is chiefly tonic, extensor, but with occasional flexion 
of the knees, especially on an attempt to walk, and often there is some 
contracture of the calf-muaclea. In many cases there is mental defect, 
which may amount to actual idiocy. The children do not begin to 
walk until late, often not until the age of six or eight, and their walk is 
always peculiar. Adductor spasm in the legs may cause a "cross-legged" 



I progression. You may sometimes recognize the unfortunate snbj'eets of 
I this defect in the streets by their peculiar gait. In addition to these motor 
I limb- symptoms, tliere are often symptoms of paralysis of the muscles of 
the neelc. The children are unable to keep the head up during the first 
two or throe years of life. I have observed this neck-palsy chiefly iu 
cases of foot or breech presentation. We do not know whether it is due 
to injary to the bulbar nerves (as the spinal accessory), or to their 
I compression by extravasated blood, or to damage from the iuflammatiou 
excited by such extravasation. It is couceivable that the anterior 
I pyramids of the medulla may be directly injured, and that this may 
cause some of the )imb-symptoms; but this is on the whole improbable, 
! Bince hfemorrhage over the cerebrum aud about the medulla may ooin- 
t cide. The symptoms sometimes suggest that the inflammatioa about 
[ the medulla closes the openings iuto the fourth ventricle, and that 
[ internal hydrocephalus may thus be produced. Occasionally the lega 
[ are affected in much greater degree than the arms, perhaps because the 
hremorrhagQ is situated over the upper part of the motor convolutions 
(leg- centre), or these may even be directly damaged when the edges of 
the sagittal suture greatly overlap. Such cases have been termed " eon- 
genital spastic paraplegia." Again, the tongue and lips may be weak- 
l ened out of proportion to the other parts, and difficulty in deglutition 
' and in speaking may persist through life. Some of you saw such a case 
a few days ago in my out-patient room. This bulbar palsy may be the 
result of damage to the bulbar nerves, such as I have just mentioned, or 
it may be due to symmetrical hemorrhage over the lower parts of the 
motor convolutions, which may produce symptoms closely resembling 
those that are caused by disease of the medijlla oblongata.' 

Inflammation of the brain, except from injury, or in the form of ab- 
scess, is ao rare, that we may leave it out of consideration. The chief 
form of intracranial inflammation is that of the membranes — meningi- 
tis. Inflammation of the dura mater is rare, except from injury; the 
variety of chief medical importance is the inflammation of the pia mater, 
or pia arachnoid, since both the softer membranes usually suffer 



' Tlie relation of these Byniptoma to injury during birth was pointed out by 
Dr. Little in 1862. Some valuable facts relating to the question have been re- 
cently published by an American lady, Dr. MoNutt (" American Journal of Med. 
ical Science," January, 1885). 
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^^^^euiDgitis may be simple, purulent, tubercular, or syphilitic. It 
may affect chiefly the convexity, or chiefly the base, or may be atill more 
partial. Simple meningitis ia rare except from exposure to the aun, and 
then it ia seated over the convexity of the brain; but it occurs in limited 
extent from local disease of various kinds, such as tumor, or softening 
that ia situated near the surface. Purulent meningitis ia due generally 
to suppuration elsewhere, either adjacent to the membranes, as in caries 
of the bones of the skull, or disease of the internal ear. Distant sup- 
puration produces it chiefly by the mechanism of pysemia. It may 
attend the septicffimia of the puerperal state. Occasionally it occurs in 
the course of acute general diseases, and in children it may develop when 
no condition can be discovered to which it can be secondary. Purulent 
meningitis is often general, affecting both the base and the convexity, 
and in children the spinal membranes also. 

The most common form of meningeal inflammation is the tuber- 
cular. It occurs iu childhood with especial freqiieucy, generally in 
families in whicii there is some tubercular taint. In adults it occurs 
chiefly iu those who are actually suffering from tubercular disease of 
the lungs, but in youths of both sexes it may be primary. The mem- 
branes of the base are usually affected far more than those over the con- 
vexity, and the most characteristic symptoms of the disease are due to 
the damage to. the cranial nerves. Remember that tubercle of the mem- 
branes is not quite the same thing as tubercular meningitis. Tubercle 
may exist without inflammation, and probably always precedes inflam- 
mation, which may be excited by some influence that may seem to be the 
cause of the symptoms. If the membranes were previoualy healthy, the 
exciting cause would be without effect. Massive tubercle, constituting 
a tumor, may be attended with intercurrent tubercular meningitis, and 
mixed symptoms of a complex character may result. 

Syphilitic meningitis is almost always chronic. It may involve the 
membranes of the base, or of the convexity, but is often partial in dis- 
tribution. It consists of a combination of inflammation and growth, 
and often extends about an actual syphilitic tumor, irritating and damag- 
ing the adjacent structures. Kemeraber that the nerves are often 
damaged by syphilitic disease when there is no actual meningitis. They 
may be affected by a syphilitic neuritis, an inflammation of the sheath 
of the nerve; or the sheath may be the seat of a syphilitic growth. Such 
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growths on the nerves uru sometiniBa symmetrical; the same cranial 
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Almost any kind of tnmor may occur in the brain, bat some, as fatty 
tumors, which aro common elsewhere, are extremely rare in the brain, 
while others, as glioma, are almost confined to the cerebral tissue. The 
most common intracranial growths are tubercular and syphilitic; next 
comes glioma, then sarcoma, and then cancer. Other forms are rare. 
Tubercular tumors are mo3t frequent during the first twenty years of 
life. Syphilitic growths occur chiefly during the period of active adult 
life, from twenty-five to fifty. The only infiuence that ever seema to 
excite the development of a tumor is injury; this more commonly causes 
a tumor springing from the membranes than one beginning in the brain- 
Bubstance. Growths tliat spring from the dura mater usually compress 
the brain-tissue. Those that spring from the pia mater, or develop 
within the brain, may either compress or invade the cerebral substance. 
The characteristic of glioma is its invasive tendency. It develops in the 
interstitial tissue of the brain, and incloses and destroys the nerve-ele- 
ments. It enlarges the part of the brain in which it occurs, and there 
is no sharp line of demarcation between the tumor and the brain-snb- 
etance. On the other hand, most other tumors, and among them tuber- 
cular, syphilitic, and sarcomatous growths, do not invade the brain-tisaue, 
in the strict sense of the word; it perishes before them, partly by the 
compression they exert, partly in consequence of the inflammatory irri- 
tation that they produce, and which is shown by the zone of softening 
that usually surrounds them. In each case, however, the functional 
impairment of the cerebral tissue does not always correspond to the 
apparent structural damage. The nerve-fibres that are compressed before 
the growth in the one case, or are included in the growth in the other 
case, may retain some functional power, and the symptoms of loss of 
function may be much less than might be anticipated from the position 
and the extent of the lesion. Again, the irritation that is caused may 
be greater in degree, and wider in range, than the size of the tumor 
■would suggest, I mentioned this fact to you on a former occasion, and 
remind you of it now on account of its importance. Lastly, you should 
know that one form of tumor, glioma, is occasionally the seat of a sudden 
hemorrhage. 
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Abscess of the brain is usually due to injury to the brain, to adjacent 
suppuration, especially bone disease, or to suppuration at a distance, 
especially in the lungs. Curiously, it is rare in general pyaemia. Ear 
disease is its most common cause. It occasionally results from disease of 
the orbit or of the nose. The abscess may be in any part of the brain. 
Caries of the middle ear usually causes abscess in the temporo-sphenoidal 
lobe, rarely in other adjacent lobes. In caries of the mastoid cells the 
abscess is often in the cerebellum. The symptoms produced are fre- 
quently slight in proportion to the size and position of the abscess, and 
it is common for the disease to run an almost latent course until acute 
symptoms arise. These are often due to rupture, which may occur into 
the ventricles, or into the membranes, and its symptoms are of extreme 
gravity, quickly fatal. 

Did time permit, I might with advantage point out to you many other 
facts of etiology and pathology that aid us in our diagnostic effort. 
Some of them I may mention in the description of the method of diag- 
nosis to which we shall pass in the next lecture. But there is one gen- 
eral law that I must mention before I leave this part of the subject. 

Whatever be the morbid process that causes damage to the brain, 
the symptoms are due to the latter; and the changes in the nerve-ele- 
ments are much the same, whatever be the nature of the morbid pro- 
cess that causes these changes. We do not recognize this in our mode 
of speaking of these diseases. We speak, for instance, of *^ syphilitic 
disease of the brain, ^' but the damage to the nerve-elements is never 
syphilitic. The syphilitic disease is outside them, sometimes altogether 
away from them, and it causes in them simple processes of degeneration, 
etc., on which the symptoms depend. This is not a mere theoretical 
refinement; it is of great practical importance, especially in regard to 
prognosis, and occasionally important in diagnosis. We shall see that 
we sometimes look to the result of treatment — to the effect of the ad- 
ministration of ^^anti-syphilitic " drugs — to confirm our diagnosis. But 
such treatment has no direct infiuence whatever, so far as is known, 
upon the changes in the nerve-elements. We may lessen or remove the 
syphilitic lesion that has produced the changes in the nerve-structures, 
and then certain kinds of damage will pass away, especially that which 
results from pressure, as of a growth. Other kinds of damage cannot 
pass away, as, for instance, necrotic softening, due to sjrphilitic disease 
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of the wall of the vessel. Yon may remove this disease, but you cannot 
restore the brain-tissue that is dead, and no more recovery is possible 
for it than in a corresponding case of embolism. Symptoms may pass 
away in each case, but only when they are ^'indirect'' in nature ; and 
" direct " symptoms are as lasting in one case as in the other. Hence, 
before we can take the absence of improvement under treatment as an 
indication that a disease is not syphilitic, we must consider whether the 
change in the nervenelements is one from which recovery is possible 
when the cause is removed. Speaking generally, the more quickly the 
changes are produced (and the symptoms developed), the less are they 
influenced by treatment; and in sudden lesions, as a rule, no influence 
is possible. Neglect of this consideration often brings discredit upon 
medical men. I have seen many cases of sudden hemiplegia, due to 
sjrphilitic disease of vessels, in which the patients were assured that if 
they were properly treated they would certainly get well; and when, after 
several years, there was almost no improvement, they were naturally in- 
clined to think lightly, and sometimes to speak strongly, of the medical 
man who had given a prognosis so erroneous. 
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DIAGNOSIS OF THE NATURE OF THE LESION (Continued) : SUDDEN 
LESIONS. 



Gestlemen, — We proceed to-day to consider the methods of reason- 
ing by which we ascertain the nature of the lesion. It is possible for 
me to give yoo, in these lectures, only an outline of the subject; but an 
outline may enable you to understand the principles and method of diag- 
nosis, and even fix in your minds the most important rules. In the case 
of disoaaea that vary so widely in their character as do those of the brain, 
the most essential thing is to have a firm hold of the methods of diagno- 
sis. It is only thus that you can hope to be able to deal with the prob- 
lema that will confront you. No two cases are alike, and you will often 
he at fault if you trust to rulea alone, and do not understand the princi- 
ples on which the rules are based. 

In distinguishing between the several lesions, we are guided in the 
first instance by certain indications. The first is the mode of onset of 
the symptoms; this enables us to distinguish between certain groups of 
lesions. The second consists of the causal indications, — the presence or 
absence of the conditions under which certain lesions occur, or the evi- 
dence of a similar lesion elsewhere in the system. A third is the posi- 
Ition of the disease: certain morbid processes are more common than 
others in certain parts of the brain. A fourth is the character of the 
Bjmptoms themselves, which may vary somewhat in the same part of the 
brain, according to the nature of the disease: this variation is slight at 
the onset, and is chiefly available when the course of the disease can be 
ascertained or watched. Lastly, other symptoms of the morbid process 
outside the nervous system may indicate its nature, — such as the pyrexia 
that attends inflammation. 

The first question, then, is the time occupied by the onset of thesymp- 

1 toms — whether the onset is sudden, acute, or chronic. By "sudden" I 

mean the development of the symptoms to a considerable degree in from 
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a few minutes to a tew hours; by " acute," an onset that occupies from I 
a day to two or three weeks; by "chronic," one that occupies moretl 
a month. We are thus able to form a rough clasBifi cation of the lesiona 
into three divisions — the first comprehending the vascular lesions; the 
second, the inflammatory lesions; the third, the chronic inflanimatjonB, 
the growths, and the degenerative lesions. Cases of intermediate coarse 
are met with, but they can usually be brought without difficulty into one 
or other of these types, to which it is convenient to limit ourselves, not 
only foR the sake of simplicity, but because they include nineteen- 
twentieths of the cases of organic disease. In thus using the mode of 
onset as a means of classification, we must take care that it is the actual 
onset that we consider. AV'e shall have also to notice certain exceptions 
to the rules laid down — exceptions that are, however, rather apparent'^ 
than real. | 

We may consider, first, the group in which the symptoms are sudden 
in their onset, developing often in a few minutes, sometimes occupying 
a longer time — a few hours. Remember, as a useful working rule, that 
symptoms of sudden onset, due to an organic cause, indicate a vascular 
lesion. They indicate the rupture of a vessel or the obstructioTi of a 
vessel; the former, as we have seen, causing hmmorrhage, the latter 
softening. The exceptions to this rule are few. They include the tranwi 
sient paroxysmal symptoms, such as convulsions or pain, and also inhib' 
itory palsy; but the last is very rare. Again, an abscess of the brain 
may cause sudden symptoms by its rupture. This is the most important 
exception to the rule that sudden symptoms indicate a vascular lesion; 
but even here there are often chronic symptoms before the sudden symp- 
toms that attend the rupture. Moreover, the symptoms that result from 
the rupture of an abscess are more often acuie than sudden, according 
to the definition that I gave you of the sense in which we use these 
TFords. 

We will take, then, the symptoms, such as paralysis, loss of sensa- 
tion, etc., the sudden onset of which justifies us in suspecting the occur- 
rence of a vascular lesion — softening or hiemorrhage. We have not 
merely to decide between the two, but we have, if the- lesion is soften- 
ing, to determine its form, that is, the nature of the obstruction that 
has caused it. The softening may he from the occlusion of an artery or 
of a vein. I told you, in the last lecture, the pathological causes of the 
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various forms of obatruotion, l)ut it may be well for me to put them 
before yon again in the form of a table. 



I A. Haamorrhage — from rupture, 
& Softeniag — from obetructioii, 
I (a) in an artery — from 

L (1) local thrombosis, due to 

■ (a) atheroma, 

^ (b) syphilitic disease, 

m {c) blood-state; 

m {%) embolism, 

B (b) in a vein — thrombosis. 

fhe actual onset may be preceded by premonitory symptoifls. The 
tificance of the presence or absence of these is limited. They are 
confined to those lesions that result from considerable preceding vascu- 
lar disease — to softening from atheroma and syphilitic disease of vessels; 
they are absent in softening from emboHsin and in simple thrombosis, 
la ordinary hiemorrhage, premonitory symptoms, as such, are also 
absent. The miliary aneurisms cause no symptoms until they burst. 
Any premonitory symptoms in hemorrhage are due, not to the cause of 
the hGBmorrhage, but to coexisting atheroma, aud have no direct relation 
to the lesion. In syphilitic disease and atheromatous softening, the pre- 
monitory symptoms are transient weakness or tingling in the limbs sub- 
I seqnently paralyzed, due to the diminution of the blood-supply after- 
wards arrested; and in each case there may be headache. In larger 
aneurisms, previous symptoms are those of a pre-existing lesion, causing 
pressure on some structure at the base of the brain, and are not true 
premonitory symptoms. The presence of premonitory symptoms may 
be of diagnostic importance, but their absence is of very little sigoifl- 
cance, since there may be none even in the diseases that are most often 
attended by them. 

The actual onset is the next element in the diagnosis. The indica- 
. tion that it affords must ordinarily be used in subordination to the causal 
indications. Nevertheless it is important to consider it first, because it 
does occasionally afford a very strong indication, so decided as to over- 
ride every other consideration. The chief guiding point is the effect on 
oansciousnees — the occurrence of apoplexy, its degree and duration. 
13 
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Either softening or hsemorrhage may Qansa apoplexy, but it is produced 
by hiBmorrhage more readily than by softening. Deep coma, lasting 
many daya, ia very rarely caused by vascular obatruction. On the other 
hand, it ia not common for there to be no loaa of consciousneaa ia 
hEBraorrhage, unless the extravasation is very small in size. Hence tiie 
absence of this symptom is not of much weight unless there is reason to 
think thiit the lesion is of large size. All that can be said is, that if there 
is complete hemiplegia lasting for soma days, and no unconsciousness 
at the onset, the lesion is more likely to be softening than haemorrhage; 
and if there is deep and prolonged coma, the lesion is almost certainly 
hEemorrhage, unless the patient ia very old, and then there ia some 
probability of softening, even with prolonged coma. If focal symptoms 
are slight, and initial apoplexy was well marked, hasmorrhaga ia much 
more lik51y than softening. 

When the onset occupies several hours, the symptoms developiag 
gradually without initial loss of consciousness, we must wait for the ter- 
mination of the onset. If it ends in deep coma (ingravescent apoplexy), 
there is almost certainly hemorrhage. If it ends in a stationary condi- 
tion, without any loss of consciousness, the lesion ia probably softening. 

We must consider, nest, the causa! indications. They should not be 
taken in subordination to the mode of onset, but independently. The 
two should then be compared, their indications balanced, and their re!a- 
tive weight estimated. The first causal indication is the age of the 
patient. Hseraorrhaga is so rare under forty, that it would not be sus- 
pected unless deep coma strongly suggested it. Softening from athe- 
roma is still more rare under forty. This renders the diagnostic prob- 
lem far more simple during the first half of life, since there remain only 
three common vascular lesions — embolism, thrombosis from syphilitic 
disease, and thrombosis from blood-statea. We may conveniently, there- 
fore, limit ourselves, in the first instance, to ths cases that occur during 
this period of life. In each case we must begin by searching carefully 
for any indications of the presence of one of these three causes, always 
remembering, however, that hemorrhage, though not probable, is possi- 
ble, even in childhood. 

In the last lecture wo considered the chief causes of these lesions, 
and I told you that embolism, in the vast majority of cases, is from the 
heart, and is associated with valvular disease. The first point to ba 
ascertained is therefore the presence or absence of such disease. In j 
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recent cases you are only justified in snapecting emboUam, in the 
absence of valvular disease, when there is some other condition which 
may be the source of a plug (such as an aneurism of the aorta). But if 
the diagnosis has to be made a year or more after the onset of the hemi- 
plegia, we cannot exclude embolism because we find no indications of 
valvular disease of the heart, if the onset occurred during, or soon after, 
such an illness as is usually, or occasionally, attended by endocarditis — 
acute rheumatism, chorea, or scarlet fever. I have known, for instance, 
mitral endocarditis during ohorea to cause cerebral embolism, and a year 
later the heart had so far recovered that no evidence of valvular disease 
could be recognized. 

There is one exception to the rule that valvular disease in a young 
person makes it probable that the lesion is embolism. Valvular disease 
may lead to cerebral hsemorrhage by causing an aneurism. I told you in 
the last lecture that the imperfect obstruction of au artery by embolism 
is one of the most common causes of intracranial aueurism. Hence, if 
the initial apoplexy is deep and prolonged, or if there is the " ingraves- 
cent apoplexy " already mentioned, the presence of heart disease not 
only does not exclude hiemorrhage, but increases its probability. This 
is true, even in children. 

In thrombosis from blood-states alone, the causal indication is usually 
obtrusive. In adults this influence is almost confined to the post-puer- 
peral condition. The clot may be formed in situ, or, if there is valvu- 
lar disease, it may be formed in the heart, and carried to the brain. In 
other conditions favoring coagulation, such as phthisis and cancer, the 
clot generally forms in a vein. This is true also of the thrombosis that 
occurs so readily in young children, of which I spoke to you in the last 
lecture. The fact that the patient is very young and does not suffer 
from heart disease, or that the attack occurs during a state of considera- 
ble prostration, justifies a diagnosis of thrombosis; and if the symptoms 
are those of a cortical lesion, you may feel confident that the thrombosis 
is in a vein. 

Thrombosis m an artery, from syphilitic disease of the wall of the 
vessel, occurs from six months to twelve years, or even more, after the 
primary disorder. In many cases there is a history of syphilis, and no 
other cause of arterial obstruction can be traced. We may then feel sure 
that a sudden cerebral lesion is due to this cause. If, however, we have 
no history of syphilis — as, for instance, in the case of a patient who is 
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nnc on scions, and unable to give us his history — wo have to rely on the 
indication afforded by the age, and on the absence of other cansea. 
Often we are aided by the presence of premonitory eymptoma, such as 
I headache, or slight symptoms in the limbs that are afterwards para- 
lyzed. These symptoms are of especial diagnostic importance in cases 
[ in which there ia heart disease, and the patient has had syphilis. We 
then have to decide between embolism and syphilitic thrombosis. In 
I the former, as we have seen, premonitory symptoms are absent. Hence, 
in snch a case, any symptoms that suggest that thero waa a morbid pro- 
cess at work within the craninm before the occurrence of the vascular 
I obstruction, maite it probable that this obstruction is due to thrombosis, 
I and not to embolism. For instance, a man who had old-standing aortic 
I regurgitation was seized with hemiplegia. He had suffered from severe 
headache for a few weeks before the attack. Many years before, he had 
Buffered from constitutional syphilis. The headache that preceded the 
hemiplegia coald not be explained on the supposition that the lesion 
■was embolism, and made it probable that the obstruction was due to 
thrombosis from syphilitic disease of an artery. Although there was no 
opportunity of ascertaining the exact nature of his lesion, yet it is 
probable that the diagnosis was correct, for a few weeks later some 
nodes appeared upon the skull, showing that the syphilis waa still active 
in his system. 

Syphilis, as well as heart disease, may cause cerebral hsemorrhage, 
and by the same mechanism, by causing an aneurism. Hence, also, a 
history of syphilis does not lessen the probability of hamorrhage, if this 
is suggested by the character of the symptoms. 

In the second half of life, the diagnostic difficulty is far greater. 
The causes operative during the first half continue during the second 
(although they become less effective as life advances), and, in addition, 
the potent mechanisms of arterial degeneration come into operation. 
Thrombosis from atheroma, and hiemorrhage, increase in frequency up 
to extreme senility; then, thrombotic softening becomes more frequent 
than hffimorrhage, and ia more probable if other indications are equally 
balanced. 

The moafc important indications in this period, are those drawn from 
the state of the vaseitlar system. Arterial tension and a strongly acting 
heart suggest hiemorrhage ; a soft .pulse and an irregular, feeble heart 
suggest softening. If these indications are strongly marked, their 
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aignificance ia vory groat. Mere arterial degeneration tells us little. It 
tella us that the cause of softening exists — atheroma ; but this so often 
coexists with the miliary aneurisms that cause htemorrhage, that its sig- 
nificance is small. All that oua be said is, that if other indications are 
equally balanced, considerable degeneration in the accessible arteries 
renders cerebral softening rather more prohable than eerehral hEamor- 
rhage. As we have seen, while atheroma is almost invariable in senile 
softening, it is absent in about a quarter of the cases of bsemorrhage. 
Advanced Bright's disease causes both atheroma and miliary aneurisms. 
It may thus be a cause of either softening or hiemorrhage. The former 
is, however, a rather more frequent consequence than the latter, perhaps 
because the miliary aneurisms attain an effective degree earlier than 
does atheroma, unless the patiejit has reached the period of senile de- 
generation. Hence, if other indications are equal, and the patient is 
not very old, Bright's disease siiggeata hismorrhage ; but if the other 
symptoms are such as to suggest softening, their significance is not 
appreciably lessened by the presence of Bright's disease. 

As I have said, the difficulty in the diagnosis during the second lialf 
of life ia increased by the circumstance that the vascular leaiona com- 
mon in earlier life —embolism, and thrombosis from syphilitic disease- 
occur during this later period. Thrombosis from the state of the blood 
and circulation also occurs, but the powerful influence of the puerperal 
state is no longer effective, and the influence of the circulation in causing 
thrombosis becomes to a large extent merged in that of the arterial de- 
generation, since it is rarely effective alone. On account of the fre- 
quency of the senile lesions, the mere preaence of a cause of one of the 
earlier lesions, — a history of syphilis, or a source of embolism, — is of far 
less diagnostic significance than it ia during the first half of adult life. 
The diagnosis rests, therefore, in larger degree on other indications than 
those of a present cause. If such other indications are absent, the 
diagnosis is a matter of probability only, or rather, I should say, of 
probability that ia never high. All diagnosis that is founded on reaaon- 
ing, and not on simple observation, is a matter of probability. Where 
several and different indications coexist, the degree of probability ia 
often very low. The indications that guide ua correctly in two cases 
may fail ua in the third, A woman of fifty-five died with symptoms of 
a vaaealar lesion. Tiie age of the patient made it probable that the 
aon was either hEemorrhage, or softening from atheroma. Of the two. 
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the Bymptoms suggested the latter. But the patient also had considei 
ble mitral obatructive disease, and this made embolism a possible lesion. 
After death there was found, as expected, softening and not hfemor- 
rhage; but the softening was due to syphilitic disease, extensive and 
characteristic, of the likelihood of which we had no suggestion from 
the patient's history. Dr. Hughlings- Jackson has recorded a case in 
which atheroma and syphilitic disease coexisted, and softening that had 
occurred w d onl t the former. These cases illustrate the diffi- 
culty in d on that results from the persistence during the senile 
period of th a f ascular disease that are operative during the first 

half of lif and a u h the diagnosis must usually be a matter of 
probability nl nd f very low probability, and a conclusion, righl 
reached, may unavoidably be wrong. 



The second element in the causal indication is the evidence of a 
lesion elsewhere, of the same nature as that within the brain — evidence 
that a morbid process is at work in the system, such as may be the cause 
of the cerebral lesion. Most of the vascular lesions may occur outside 
the brain, and we may sometimes detect them. IE they occur at the 
same time, or about the same time, as the cerebral lesion, they afford 
strong evidence of the nature of the latter. The occurrence elsewhere 
of the process of embolism may be recognized; as, for instance, in the 
spleen, by the enlargement and tenderness of the organ. The centra! 
artery of the retina may be obstructed by embolism, thus affording evi- 
dence of this process in the arterial system to which the cerebral vessel 
belongs. If, as I have seen, the retinal artery is occluded at the same 
moment as the cerebral artery, the evidence of the nature of the lesion 
in the brain amounts almost to demonstration. In syphilis we rarely 
have a more special indication of the precise process at work in the 
brain. Neither syphilitic disease of vessels, nor thrombosis therefrom, 
is to be recognized elsewhere, except in the rarest cases; but other indi- 
cations that the syphilitic virus is still active may furnish equivalent 
evidence. Simple thrombosis, from blood-state, is occasionally ac- 
companied by a similar accident in some other part, especially during 
the puerperal period. A clot may form in a vein of the leg, or some 
other part. Arterial or venous thrombosis elsewhere, from combined 
arterial disease and feeble circulation, coincides not uiifrequently with 
cerebral thrombosis, and affords presumptive evidence of the nature of 
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the lesion of the brain. Instances are senile gangrene of the foot, 
thrombosis in the veins of a leg or of tho retina in those who are old and 
goaty, or feeble and depressed, Iliemorrhage elsewhere is rare in cases 
of cerebral haamorrhage, except in the eye, and even there is significant 
only when the extravasation is large-. The small hfemorrhages in the 
retina, that are so conmion in albuminuria, do not signify more than 
that the kidneys are diseased, and afford alone no more evidence that 
the cerebral lesion is hemorrhage than does the renal affection itself. 
The aignificanco of this we considered before. A large intra-ocular 
hiBmorrhage, such as one into the vitreous, makes it highly probable 
that the cerebral lesion is of the same nature. But extravasations else- 
where, in the course of a general disease that is attended with a hsemor- 
rhagio tendency, such as pernicious ansemia or leucocythgemia, also 
afford strong reason for believing that a cerebral lesion is of the same 
nature. 

The position of the lesion occasionally helps us. A lesion of the 
pons, and still more of the medulla, that is not quickly fatal, is much 
more likely to be softening than bjemorrhage. The basilar artery is a 
frequent seat of syphilitic disease, and if other indications are equally 
balanced, in a case in which the svmptoms suggest an obetrnction of the 
basilar, as, for instance, the presence of heart disease and a history of 
syphilis, the fact that the basilar is the affected artecy would turn the 
scale in favor of syphilitic thrombosis, against embolism. If the eymp- 
toms point to a cortical lesion, and other indications are equally bal- 
anced, this is much more likely to he softening than hemorrhage. The 
sudden extension of the symptoms from one side to both, with renewed 
coma, that is produced by the rupture of an extravasation into the ven- 
tricles, constitutes evidence that the lesion is hsemorrhage, and not 
softening; but this significance is only deckled when the extension oc- 
curs within a few days of the onset. Even then it is not a certain indi- 
cation. Identical symptoms may attend the formation of a clot in a 
large artery of the other side of the brain in cases of softening, and if 
such symptoms come on after the first few days, it is even more likely 
that they are due to a fresh lesion than to the extension of the old one, 
and they therefore no longer have a definite significance. Hence it also 
follows that when there is decided reason to believe that the original 
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lesion was softening, the occurrence of symptoms like those of ventri- 
cular hsBmorrhage does not materially weaken the original diagnosis. 

« 

The character of the symptoms, in relation to the position of the 
lesion, does not give us much help in the case of acute lesions. Convul- 
sions at the onset are of little significance. Those that succeed the onset, 
or occur during the subsequent course of the disease, are in favor of the 
lesion being softening, rather than hsBmorrhage. An intense degree of 
secondary irritation is in favor of softening. So also are the athetoid 
movements, ^^ mobile spasm, ^^ that may come on after the hemiplegia has 
existed for some months. 

Here, for to-day, gentlemen, we may conveniently stop. There re- 
mains for consideration the diagnostic significance of the symptoms that 
attend the acute and the chronic lesions. But the chief acute lesion, 
according to the classification that I gave you at the outset, is meningi- 
tis. I propose, after we have completed our survey of the chief diagnos- 
tic indications from the side of the symptoms, to review them from the 
side of the lesions. It will be convenient to postpone the consideration 
of the symptoms of meningitis until we come to it in that survey. The 
symptoms that may result from chronic lesions we will proceed with at 
our next meeting. 
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DIAGNOSIS OF THE NATURE {Continued): CHRONIC LESIONS— SYMP- 
TOMS IN THE SEVERAL MORBID PROCESSES. 

Gbntlbmen, — The chronic lesions of the brain arc chronic meningitis, 
tuitfor, aneurism, abscess, disseminated sclerosis: and we may include 
among them labio-glossal paralysis and general paralysis of the insane. 
In all these diseases well-marked aymptoma develop, as a rule, slowly, 
occupying at least several weeks, and often several months, in their pro- 
gress to a cooaiderable degree of intensity. It is true that one of tbem 
(tumor) occasionally, and two of them (abscess and aneurism) frequently, 
have a latent course, and then give rise to acute and even sudden symp- 
toms. But as pathological processes, they are chronic, and the symptoms 
of their development, when these exist, are correspondingly chronic in 
their evolution. 

The first point to be- considered in the diagnosis of these diseases is 
the causal indication that can be discovered. This element is rarely of 
much significance; it is far less important than it is in the sudden lesions 
of the brain. 

The age of the patient may afford some guidance, since general para- 
lysis, chronic meningitis, and aneurism are practically confined to adult 
life; aneurism and disseminated sclerosis being sometimes met with in 
youth. Tumor and abscess occur in all ages. Sex helps us only iu so 
far as general paralysis is rare in females. Heart disease is a causa of 
aneurism alone among the chronic lesions. Syphilis may causa tumor, 
chronic meningitis, or aneurism. It is by far the most frequent cause 
of cerebral tumor in adult life. Chronic meningitis is very rare as a sol- 
itary lesion, and is due usually either to injury, chronic alcoholism, or 
to syphilia. In the absence of these causes it is very improbable. Inju- 
ries to the head may also cause abscess, or, in rare cases, tumor. The 
tnoBt common other causes of abscess are adjacent hone-disease, especi- 
ally in the ear, and suppuration elsewhere, especially in the lung. If 
these are not present, abscess is unlikely. Tumors are usually primary. 




and independent of growths elsewhere. Cancer is occaaionally secondary, 
and hence a mtilignant tumor in eome other part of the body renders it 
highly probable that symptome of organic disease of the brain are due 
to a tumor. Tubercular growths in the brain are also occasionally sec- 
ondary to tubercular disease elsewhere, but are more often primary, oc- 
curring in a subject predisposed by inheritance to tubercle. Hence either 
hereditary predisposition or actual tuberculosis suggests that a chronic 
disease is a tumor. 

Neurotic heredity, indicated by a history of such diseases as epilepsy, 
insanity, neuralgia, etc., is rather against than in favor of actual organic 
disease of the brain. Equivocal symptoms are more likely to be dufe to 
functional disease. Preceding anxiety, mental shock, also render such 
disturbance more likely than coarse organic disease. 

The diagnosis of the chronic lesions of the brain depends chiefly on 
the symptoms they produce. You doubtless remember the distinction 
between the diffuse and the focal symptoms. The diffuse symptoms, if 
any are present, are of much greater importance in the pathological di- 
agnosis of chronic disease than are the focal symptoms, and we may, 
therefore, consider them first. If the symptoms are chiefly focal, we 
have to depend on their mode of development, and on their conformity 
to o«rtain types. An instance of the latter is the case of labio-glossal 
paralysis, in which diffuse symptoms are entirely absent, but the focal 
symptoms correspond closely in all cases. 

Of the diffuse symptoms we may consider, first, pain in the head. 
Headache is a conspicuous symptom in chronic meningitis, in tumor, 
and often in abscess. It is absent in the purely degenerative diseases. 
In aneurism it is sometimes marked, sometimes it is trifling. Occa- 
sionally it is absent. Remember that the characteristics of the pain of 
organic disease are severity and constancy, and the association with 
other symptoms. One of these is vomiting, which occurs in the same 
lesions as headache, and often coincides with the more intense paroxysms 
-of pain. Of oven greater significance is the association with optic nen- 
ritia. Rare in aneurism, optic neuritis is frequent in abscess and chronic 
meningitis, and most frequent and intense in tumor, in which it occurs, 
at some period, in five-sixths of the cases. If there is no cause of abscess 
to he discovered, persistent headache, aud considerable optic neuritis, 
may be regarded as almost certain indications that the organic disease is 
a tumor. But remember that the optic neuritis of tumor is not alwaj 
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intense. In casoa of slowly growing tumor, it may be alight in degree, 
and extremely chronic in conrse. Atrophy of the optic nerves varies in 
its significance according to its form. " Consecutive atrophy," that 
which foUowB neuritis, has the same significance as the neuritis that pre- 
cedes it. Simple atrophy is rare except in the degenerative diseases, dis- 
seminated sclerosis and general paralysis of the insane. Its significance 
is always that of a degenerative process. Atrophy, that /otto ws loss of sight, 
is due to damage to the optic nerve, and indicates either a tumor pressing 
on the nerve, or inflammation involving it. Loss of the reflex action of 
the pupil to light, without loss of sight, has the same significance as 
primary atrophy; it is due to degeneration, and indicates that a de- 
generative process is at work. It affords a ground for suspecting that 
other symptoms are due to a similar degeneration. It does not prove 
this. A coarse disease may coincide with a degenerative process. Such 
coincidence is now and then observed in syphilis, which predisposes to 
degenerations even during the stage in which it still causes organic lesions. 
Nystagmus occurs in tumor and in some degenerative diseases, but is not 
common in either class, except in disseminated sclerosis; in this it is a 
very frequent symptom. 

Mental change may have various meanings, according to its form. 
Exaggerated delusions occur chiefly in general paralysis of the insane, 
but the early stage and slighter form of this disease are often attended 
by a simple optimism, in which, without any false idea, all things are 
loolted at in a favorable light; the patient is happy under depressing 
circumstances, and is always " better " or " well " when physical weak- 
ness is steadily increasing. An unnatural complacency, without actual 
optimism, is also common in disseminated sclerosis. It is often marked, 
even in the early stage, and is a significant symptom that should always 
attract attention. This form of mental change is confined to these 
degenerative diseases, and is not met with in otiier organic lesions. 
Ohrouio delirium, sometimes active but amenable, may occur in chronic 
meningitis and tumor; occasionally the delirious condition resembles. 
closely that of chronic insanity. More common in these diseases is simple 
mental failure — loss of memory, and slowness of speech — deepening to 
lethargy. In a considerable degree of this condition, ffeces and urine 
are often passed without notice, although there is no paralysis of the 
sphincters. I have more than once mentioned to you the importance of 
this symptom. 



Gonvulgions are absent in disseminated sclerosis, and also in most 
cages of aneurism, until rapture occurs. They are common in tumor and 
in chronic syphilitic meningitis, but not in alcoholic meningitis. They 
occur also, although not very frequently, in general paralysis of the in- 
sane. In each disease in which they occur, the convulsion may be gen- 
eral or partial, the latter form being, as you know, a focal symptom. 
Slight partial fits, recurring with great frequency, are almost confined 
to tumor. 

Certain focal symptoms need special coijsideration, becanse they 
characterize certain forms of cerebral disease. Defect of articulation is 
produced by any disease of the medulla and pons, but it is also an early 
and characteristic symptom in the degenerative diseases — sclerosis, gen- 
eral paralysis, and labio-glossal paralysis. In the latter the defect is de- 
pendent on actual loss of power in the lips and tongue, which can be 
recognized as soon as there is mach impairment of articulation; but in 
the two former diseases, sclerosis and general paralysis, there is at first no 
distinct weakness. The alteration in the early stage naay be very similar 
in the two — a tendency to clip words, to run together syllables, which 
are thus confluent, instead of being "articulated." Aa sclerosis ad- 
vances, however, there is usually a tendency to a separation of syllables. 
The staccato and eliaive defect may coexist (see p. 93). In general 
paralysis, speech usually becomes hesitating, and is interfered with by 
manifest tremulous twitching of the muscles of the lips and face; often 
words are drawled out, and sometimes a guttural noise accompanies in- 
spiration. 

Another important group of symptoms are those of the eyeball mus- 
cles. Any disease at the base of the brain may paralyze these muscles 
in one or both eyes, but a slow progressive palsy, involving many mus- 
cles of both eyes, without other indications of basal disease, shows a 
progressive degeneration of the nuclei of the nerves, analogous to that 
of the bulbar nerves in the labio-gloasal palsy. 

Of the focal symptoms in the limbs, only one class is of sufficient 
pathological significance to need mention. Tremor is common in gene- 
ral paralysis, but may occur in tumor, and in chronic meningitis. Jerky 
inco-ordination of movement, accompanying weakness, is a characteris- 
tio symptom of disseminated sclerosis, but it occurs also in caaes of 
tumor, chiefly in children (see p. 57). 
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We may now review these facta from a different side — from the aide 
itlie lesions, — and consider tbe aggregate of symptoms which indicate 
the several lesions, i.e., the symptoms that these lesions produce in 
typical cases. In doing so I shall have to repeat many things that I 
have already said. I need not apologize for this, because, gentlemen, 
yon have failed to learn the most important lesson in method of study if 
you object to repetition. You can only learn tiioronghly by going over 
facts many times in their different relations. 

We will commence again with the cases in which the onset is sudden, 
and take first the conditions in which there is loss of conaciousnesa, apo- 
plexy, but in which there are no indications of a one-sided lesion. There 
may be no symptoms on either side of the body and limbs, or there may 
be symptoms on both sides. These symptoms are in the state of the 
muscles, relaxation or contracture, or in the state of reflex action. We 
may thus divide these cases into two classes, according to the absence or 
presence of symptomjt of bilateral character. 

We will take first the cases in which there are no peripheral symp- 
toms recognizable on either side, A patient may suddenly become un- 
conscions, and remain so, and may not only present no indications of 
damage to one side of the brain, but there maybe such restless automatic 
movements of the limbs on both sides, as indicate with certainty that 
there is no damage to the motor tract of either side. In most cases of the 
kind the coma is incomplete — there is stupor rather than coma. The 
patient, usually between forty and sixty, is of plethoric aspect, the pulse 
full, the carotids pulsate strongly, the face is flushed, reflex action is 
normal, the pupils are of medium size and act to light. In the course 
of two or three days the symptoms pass away entirely, and no indication 
of any focal lesion can be found, when conscionsneas has returned, and 
a thorough investigation is possible. Such an attack is probably due to 
cerebral congestion. It is customary to ascribe it to this cause, and the 
tialance of evidence is in favor of the correctness of this opinion. The 
patient often has more than one attack of this character. 

In the second class of cases the apoplexy is accompanied by evidence 
of interference with the motor centres on both sides of the brain. 
There is either complete relaxation of the muscles, or bilateral rigidity, 
or rigidity in some parts and resolution in others. In these cases we 
have to deal with a lesion cither in or outside both hemispheres or in 
There may be ventricular htemorrhage, meningeal biemor- 
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rhage, obstruction of vesaela in both hemisplieres, hasmorrhage into the 
pons, or Boftening of the pons. If uuiversal resolution and deep coma 
fiucceed, after a few hours or a day or two, the following symptoms — 
mental excitement, rigidity, convulsive movements (now in one part, 
f in another), and sadden headache— there is probably meningeal 
iffimorrhage, and this is especially probable if the symptoms sncceed an 
[ injury. If, in a patient under forty, with heart disease or old syphiHs, 
I the coma is complete from the first, the limbs relaxed, and the symp- 
I tome continue for some hours without diminution, a cerebral aneurism 
I tas probably burst. Headache, giddiness, or palsy of cranial nerves for 
I Bome weeks or months before the onset, makes this diagnosis still more 
I probable. If initial coma is accompanied by indications of a one-aided 
I lesion, rigidity or resolution of the limbs of one side, deviation of the 
I lead and eyes, followed in a few hours or a day or two by similar symp- 
toms on the other side, without special aSection of the cranial nerves, 
but with deep coma, the lesion indicated is ventricular hemorrhage. If 
the symptoms are from the first bilateral, if there is rigidity or resolu- 
tion, or the two are associated in different parts, if there are convulsive 
movements in both arms or both legs, interference with respiration 
within two or three hours of the onset, strong contraction of the pupils 
persisting or yielding to wide dilatation, a rise of temperature to 103° or 
more within an hour of the onset, the indication is liEomorrhage into the 
pous. If, liowever, similar symptoms come on gradually in the course 
of one or two days, the coma at first incomplete, and slowly deepening, 
without any early rise in temperature, with irregular affection of the 
cranial nerves, recognizable before the coma becomes deep, the indica- 
tion is an occlusion of the basilar artery. Whether this is due to embo- 
lism or thrombosis must depend on the more sudden onset in the 
former, and on the causal indications. In the one case a source of em- 
bolism will be found, and perhaps indications of embolism elsewhere. 
In the other case these are absent: syphilis may be probable or certain; 
or the patient is in the degenerative period, with atheromatous arteries 
and s weak heart. 

Wa will take next the case in which a patient is seized with apoplexy, 
and there is distinct evidence of a one-sided lesion — relaxation of mus- 
cles, loss of the skin reflex, change (loss or early excess) of the muscle- 
reflex action, deviation of the head and eyes. You are sure that a vas- 
aular lesion has occurred, on account of the suddenness of the onset; And 
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unleaa the patient ia a child, or is aaffering from phthisis or other eanae 
of extreme weakness, you are sure that it ia an arterial lesion — an artery 
has given way, or become stopped up. For further guidance you exam- 
ine the pulse, arteries, heart, and urine. At any age, after childhood, 
deep coma, lasting many hours, renders hsemorrhage probable, the more 
BO if the patient is over thirty-five, and is suffering from Bright's dis- 
ease. The significance of prolonged coma as an indication of hemor- 
rhage is much greater in early and middle life than it is in old age, since 
in the latter it is produced by arterial occlusion much more readily than 
in the former. Mind, I am speaking of actual coma, and not of the 
mere hiatus in conscious memory, which the patient afterwards describes 
as unconsciousness. He may tell you of a period of unconsciousness 
histing for many days, when what we term manifestations of conscious- 
ness returned in a few hours. The indications afforded by the prodro- 
mata, onset, pulse, arteries, and heart, I have already described, aod 
need not here repeat, beyond reminding you that embolism is suggested 
by valvular disease of the heart, especially during the first forty years of 
life, by a sudden onset without prodromata, by the brevity or absence 
of initial loss of consciouBness, and by the evidence of embolism else- 
where. Syphilitic disease is suggested by a history of syphilis, or failing 
this, by its possibility combined with the absence of other causes, by the 
occurrence of prodromata (headache, symptoms in the limbs afterwards 
paralyzed), by an onset that is sudden or deUberate, but without, or 
with only brief, loss of consciousness. Haemorrhage is suggested by the 
degenerative period of life,— but is not absolutely excluded even by 
youth; by deep and prolonged coma, — but is not excluded by brief coma, 
or even by tbe absence of any loss of consciousness. It is suggested alio 
by high tension of pulse, a strongly acting or hypertrophiod heart, tbe 
absence of prodromata, an initial fall of temperature, and the presence 
of Bright's disease. Softening from atheromatous thrombosis is sug- 
gested by the degenerative period of life, and, unlike hamorrhage, is ex- 
cluded by youth or earlyadult age. It is further suggested by a dilated, 
feeble, and especially an irregular heart, by previous slight attacks of the 
came nature, by prodromata in the limbs afterwards paralyzed, by the 
brevity of initial coma, and & fortiori by the absence of loss of conscious- 
ness at tbe onset. 

Simple arterial thrombosis, from the blood-state alone, may be sua- 
i if there is a constitutional state known to favor thrombosis, espe- 
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[ cially the puerperal atate, aud if no source of embolism can be discov- 

I fired, and no cause of arterial disease can be traced. 

Venous thrombosis is auggeated by previous profound proBtratiou and 
■weakness, and especially by the patient being an adult in the last stage 
of phthisis, or a child under five years of age, and by the occurrence at 
the onset of convulsions in, or begiuuing in, the limbs afterwards para- 
lyzed, — convulsiona that indicate a cortical lesion. 

Sinna-thrombosis is indicated by somnolence increasing to coma, and 

! attended by general convulsions, coming on in a young child prostrated 
by diarrhcea or aorae other exhausting disease; or in a patient who has 
external disease adjacent to a sinus. In the latter case, focal symptoms 
may be present, which vary according to the sinus oceluded. The 
diagnosis is only certain, however, when external tumefaction near the 

I position of the Binus succeeds the other symptoms. 

The indications that I have given you hold good, not only of hemi- 
l plegia, but alsoof other symptoms of an organic lesion, hemiansastheaia, 
\ hemiopia, and the like, which cannot, as a rule, be recognized until 
' initial losa of consciousness has passed away. 

We may now pass to the chief acute lesion of the brain — meningitis. 
^ The symptoms that should lead you to suspect meningitis are the com- 
bination of headache, vomiting without gastric cause, pyrexia, and delir- 
ium coming on in an acute manner. Remember that the absence of any 
one of these is of little negative significance. Headache is, however, 
seldom absent, and perhaps is never absent at all periods of the case, but 
is sometimes only trifling at the onset. On the other hand, it is usually 
severe, and the leading symptom. Remember, also, that the presence 
of only one of these symptoms is of no significance, and that this is true 
also of the combination of two of them — delirium and pyrexia, — which, 
without other indications of brain mischief, suggest a general and not a 
cerebral disease. The addition of moderate optic neuritis, of inequality 
of pupil, strabismus, palsy of cranial nerves, however slight, rigidity or 
weakness of limbs, retraction of head, or convulsions, adds very much to 
the probability of the diagnosis. 

The diagnosis of the nature of meningitis is often less easy than the 
recognition of ita existence. A family history of phthisis, or the pres- 

2e, in an adult, of actual lung disease, suggests the tubercular nataretd 
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the inflammation^ as^ indeed^ does the mere circumstance of childhood 
or youth, in which tubercular meningitis is far more common than any 
other variety. The absence of a cause of another form of inflammation 
is also an important negative element in the diagnosis. The indications 
of the other forms of meningitis are chiefly causal. Purulent inflamma- 
tion may be suspected if the symptoms of meningitis follow suppuration 
elsewhere, near or distant, or signs of general septicaemia. The causes 
of purulent meningitis and of cerebral abscess are for the most part the 
same, and when an abscess causes acute symptoms, the diagnosis between 
the two is often diflScult. It depends chiefly on the greater affection of 
the cranial nerves in meningitis, and on the history of previous more 
chronic cerebral symptoms in abscess. But it must be remembered 
that an abscess and purulent meningitis not unfrequently coexist. 

In this outline of the most important symptoms of the sudden and 
acute lesions, I have said nothing of anaemia of the brain, because it is 
extremely rare for symptoms due to this cause to come into any diagnos- 
tic problem. Almost the only cases in which such symptoms are im- 
portant are those of young children who are profoundly exhausted by 
diarrhoea. The patient may become somnolent and comatose; may 
sometimes present convergent stabismus, and even rigidity of the neck. 
These symptoms may pass away; or the coma may deepen, the pupils 
dilate, and the child die — the brain after death presenting no morbid 
change. The state was called " hydrocephaloid '* by Marshall Hall from 
its resemblance to meningitis, which is sometimes called ^' acute hy- 
drocephalus.^' The diagnosis from meningitis depends on the absence 
of focal symptoms and on the circumstances under which the symptoms 
came on. The distinction from sinus-thrombosis is stiU more difficult, 
and depends chiefly on the depression of the f ontanelle, the absence of 
external tumefaction, and of limb-symptoms. Often, however, it is ne- 
cessary to wait before a confident opinion can be given. 
13 
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I DIAGNOSIS OF THE NATURE OF THE LESION (Continued) ; SYMP- 
TOMS PRODUCED BY CHRONIC LESIONS, TDMOR, ANEDRISM, 
ABSCESS, DEGENERATIVE DISEASES- DIAGNOSIS BETWEES 
FUNCTIONAL AND ORGANIC DISEASES— CONCLUSION. 



Gbntlemun, — In the last lecture we commenced a surrey of the 
groups of symptoms that indicate special lesions of the brain. We con- 
I flidered those that characterize the chief morbid processes that are sud- 
[ den and acute. We pass now to the symptoms that attend the chronic 
I lesions of the brain — chronic meningitis, tumor, aneurism, ahscess, and 
[ the degenerative processes that we decided to include in our survey. 

Chronic meningitis need not detain us long. The alcoholic form 
occupies the convexity, and causes diSuse symptoms, especially head- 
ache and delirium. Occasionally there is slight optic neuritis. It is 
probable that the inflammatory changes found in the membranes are 
part of a shght general encephalitis, rather than the actual cause of the 
I symptoms. Syphilitic meningitis difEera from aU other forma in being 
' local and never general. Hence its symptoms closely resemble those of 
a syphihtie growth. A positive diagnosis between the two is rarely pos- 
sible, and indeed they frequently coexist. The chief difference is, that 
in meningitis the symptoms of irritation are greater than is the evi- 
1 dence of destruction, ^ud the symptoms indicate a wider extent of 
I mischief, especially at the base, than a growth would be lilcely to produce. 
The symptoms that suggest the existence of a tumor are severe and 
persistent headache, vomiting, and optic neuritis, with progressive 
symptoms of interference with the functions of some part of the brain. 
These must be seurched for, in every case, most carefully. Many of 
the moat important are unnoticed by the patient. The pupils should 
be compared, their action to light ascertained. The movement of the 
eyes in every direction should be observed, and if there seems to be any 
defect, a colored glass should be used to examine for double vision. 
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The hearing should be tested, the strength of the masseters felt, the 
movements of the tongue and palate, and the closure of the vocal oorda 
should be tested by making the patient cougii. The voluatary, emo- 
tional, and associated moTementa of the face should be carefully ob- 
served. In the limbs and trunk the reHex action should he especially 
examined. A loss of the aaperflcial reflexes in limb and trunk is some- 
times the first objective symptom, of tumor on one side. If there is evi- 
dence of the existence of a tumor, the next question is. Is the growth in 
and invading the brain, or outside the brain and compressing it ? Op- 
tic neuritis is produced more readily by tumors in tlian by those out- 
side the brain. If the symptoms indicate a growth of some size at the 
posterior part of the base, or over the convexity, and there is no optic 
neuritis, this is in favor of the growth being outside the brain. If the 
symptoms are those of a tumor of the pons, and the cranial nerves suf- 
fer before the limbs, and on one side before those on the other, the tu- 
mor is probably outside the pons, springing from the membranes in the 
posterior fossa of the skull. 

There still remains one of the most difficult problems in cerebral 
diagnosis. What is the nature of the tumor ? The answer to this ques- 
tion can sometimes be given with a high degree of probability, now and 
then with certainty. Often, however, the probability is so low that the 
answer is hardly more than a guess. The chief indications are as fol- 
lows: — (1) The presence of morbid growtlis elsewhere, the nature of 
which can be determined. If the symptoms succeed a cancer or sar- 
coma elsewhere, it is practically certain that the intracranial growth is 
of the same nature. In rare eases the presence of an hydatid tumoc else- 
where jcstifles the conclusion that the growth in the brain is of the same 
character. (2) Evidence of a general disease, of which an intracranial 
grovrth is known to be an occasional manifestation. Such diseases are 
tubercle and syphilis. In adults, signs of phthisis usually precede a 
tubercular tumor of the brain; in children there may be no other present 
indication of tuberculosis. A family history of tubercular or scrofulous 
disease is usually to be obtained, A physical configuration such aa 
often coexists with a tubercular tendency is alao suggestive. The symp- 
toms or history of syphilis, congenital or acquired, render it highly 
probable that a tumor is syphilitic. The absence of a history of consti- 
tutional syphilis, if the patient has had a chancre, should not receive 
too mnch weight, since secondary symptoms are often unrecognized, or 
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even absent. Moreover, in an adult, the ayphJlitic nature of a growth 
caauot be excluded unless we can exclude the possibiUli/ of infection, sinco 
even the primary disease may have been unnoticed, as in many cases in 
which constitutional syphilis is patent. These diathetic indications 
afford a probability of the nature of the growth — often a yery high prob- 
ability, but no more than a probability, since a cerebral growth of 
other nature may coexist with either diathetic state. (3) The age of 
the patient affords a little help. If tfio patient is under fifteen, and pre- 
sents no indication of inherited syphilis, the tnmor is not a syphiloma. 
If the patient is an adiilt, and presents no indication of phthisis, 
the tumor is not likely to be tubercular. (4) The seat of disease may 
give some assistance. In the cerebellum or pons, a tumor is likely to be 
tubercle or glioma, or, also if in the pons, it may be syphilitic. A cor- 
tical tumor, with signs of irritation, is probably syphilitic or glioma. A 
tumor of the base is probably syphiloma or sarcoma. A tumor outside 
the brain-substance is probably a sarcoma. (5) The course of the 
growth may be suggestive. A very slowly growing tumor is not likely 
to be sypiiiiitic. A tumor that grows rapidly at the onset, and then 
becomes stationary, is probably tubercular or syphilitic. The occur- 
rence of an apoplectic seizure of moderate severity, with sudden symp; 
toms, is rare except in glioma. (G) Evidence that arrest and retrocest 
of the growth follow the administration of iodide of potassium or m( 
oury is strongly in favor of the syphilitic nature of the tumor. If these 
drugs are without iuflueuce, and arrest follows a tonic treatment, the 
growth is probably tubercular. (7) Lastly, tubercle, glioma, and 
syphiloma are the most common forms of growth in the substance of 
the brain. There is always an intrinsic probability, therefore, that a 
growth will be one of these, and this may be allowed weight in the ai 
sence of other indications. Jfeither the intercurrent meningitis ni 
multiplicity of growth is of diagnostic significance. By a careful compt 
son of these considerations a probable diagnosis can be made in a lai 
number of cases— that ia, a diagnosis which will turn out more often 
be right than to be wrong. 

The symptoms that indicate the presence of an abscess of the bra 
are, for the most part, the same as those of tumor — headache, vomitioj 
optic neuritis, mental dulness, and focal symptoms. The latter i 
absent, however, far more frequently in abscess than in tumor, i 
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aocouiit of the great frequency with which the abscess occupieB the 
teinporo-sphenoidal lobe, and on account of the tolerance the nerve-ele- 
ments exhibit to the pressure of a slowly Increaaing encapauled collection 
of pus. The distinction depends on the course and associations of the 
cerebral symptoms, and on the causal indications. (1) Instead of the 
uniform progress of the symptoms of a growth, those of abscess are for a 
long time slight in what is termed the "latent stage." They then de- 
Telop rapidly, in an acute manner, like meningitis, or even in a sudden 
manner, like hamorr^age, distinguishable from these by the definite 
character of the slighter chronic symptoms that preceded. (2) The 
ophthalmoscope is often of great value, revealing, during the latent 
stage, or at the onset of the acnte stage, an optic neuritis, which excludea 
alike a mere vascular lesion and a commencing meningitis. (3) The 
general symptoms that attend suppuration — fever and rigors — are often 
present. (4) A cause of abscess (ear disease, suppuration about the skull 
or elsewhere, or an injury) can be found in most cases. With no cause 
ascertainable, and an absolute latency, an abscess can be suspected only 
on the indication afforded by the ophthalmoscope. There is no other 
cerebral lesion in which the patient may plunge, in a few hours, from 
apparent health into imminent danger, and in which considerable optic 
neuritis is found at the onset of the acnte symptoms, when there is no 
general disease to which the optic neuritis can be due. 

The symptoms of a small tumor at the base of the brain, in the posi- 
tion of a large artery, occurring in a person who is past middle life, or who 
has heart disease or syphilis, and, in the latter case, not yielding to treat- 
ment, justify a suspicion of the esiatence of an aneurism. The suspicion 
can only be raised to absolute certainty by the presence of a rare sign, a 
murmur audible on auscultation of the skull, practically met with only 
in aneurism of the internal carotid. The diagnosis of the precise artery 
|. affected depends on the local symptoms. I may mention a few of these 
I indications, obtained by comparing the symptoms in many recorded 
cases. Optic neuritis ia occasionally met with, but is not common unless 
the aneurism is adjacent to the optic nerve, i.e., is of the internal carotid 
or anterior cerebral. The seat of pain is of significance only when occi- 
pital; it then points to the basilar as the artery affected. Loss of sight 
Seye, sometimes extending to the other, with, or still more with- 
tic neuritis, with or without loss of smell on the side first affected. 



occurs in aneuriBm of the internal carotid and anterior cerebral. The 
distinction between the two depends on the occurrence in the former of 
paralysis of the motor nerves to the eye first affected. Paralysis of the 
third nerve without affection of sight, or with hemiopia, is produced by 
aneurism of the posterior communicating, and also, usually, with hemi- 
plegia of the opposite side, by aneurism of the posterior cerebral. Affec- 
tion of the fifth nerve alone is of little significance, hut with bilateral 
weakness in the limbs, and difliculty of articulation or swallowing, it 
occnrs in aneurism of the basilar. Paralysis of the cranial nerves below 
the aiith, associated with weakness of the limbs on one side, may be due 
to aneurism of the lower extremity of the basilar or of the vertebral, and 
aymptoma of bulbar paralysis, of alow or sudden onset, may occur in the 
same cases. Slight hemiplegia is of little significance, but, if it is con- 
siderable, there is not likely to be an aneurism of either the anterior 
cerebral or posterior communicating artery. Simple general convnlsionB 
are very rare. If they begin locally, they suggest that the aneurism is 
of the middle cerebral artery, on the outer surface of the brain, and if 
they are opisthotonic, that it is of the basilar. All these symptoms are, 
of coarse, only significant in the presence of a cause of aneurism. The 
severe apoplectic symptoms which attend rupture increase much the 
probability of the diagnosis; but this is then a matter rather of scientific 
cariosity than of practical importance. Withoat preceding symptoms, 
the rupture of an aneurism may be suspected if sudden and deep apo- 
plexy occurs in a person who has not yet reached the degenerative period 
of life, and has no renal disease, and especially if there is heart disease 
or a history of syphilis. If the apoplexy is attended first with nnilateral 
and then with bilateral sypmptoms, the aneurism that has ruptured is 
probably of the middle cerebral. Symptoms of hsemorrhage into tlw^ 
pons suggest that the aneurism is of the basilar or of the poa 
cerebral. 
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There remain the three degenerative diseases that stand, to 
tent, apart from the other lesions of the brain — bulbar paralysis, dis* 
seminated sclerosis, and general paralysis of the insane in so far as its 
physical symptoms are concerned. An alteration in articulation is 
constantly an early symptom of the first, occasionally of the second, and 
frequently of the third. Tremor is a usual symptom of the two latter, 
but is absent in the former. In all, the aymptoma are gradual in devel 
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opment, although chronic bulbar paralysis has its acute homologue. 
which depends on a sudden vascular lesion in the medulla. Although 
the resulting symptoms of the acute and chronic disease iniiy be the 
same, the sudden onset takes the cases out of the present category of 
chronic lesions. 

A defect in articulation, and afterwards in swallowing, depending on 
actual distinct loss of power in the parts concerned, is the distinctive 
characteristic of bulbar, or labio-glossal paralysis. I told you (p. 93) 
that the palsy ia arranged around the tongue as a centre, affecting the 
lips, tongue, palate, pharynx, and often the larynx; and I described to 
yon the symptoms that result. The ultimate aspect of the patient, with 
motionless tongue, open mouth, immobile lower face, and unmodulated 
phonation on an attempt to speak, is characteristic and unmistakable. 

The distinctive symptoms of insular sclerosis are not specially cere- 
bral. There are coarse jerkinga in the arms, sometimes in the legs, 
occurring on movement only. They apparently depend on the develop- 
ment of islets of sclerosis in the motor tract, either within the brain or 
within the spinal cord, and are often followed by actual loss of power. 
Sometimes unsteadiness on the legs is one of the earliest symptoms. 
With these, however, are often associated symptoms that are distinctively 
cerebral. (1) A change in articulation, in which syllables are unduly 
marked off from one another, and even separated, and, at the same 
time, the endings of words are slurred. But with this there is no loss 
of power in the muscles concerned in articulation, at any rate until the 
latest stage of the disease. {2} Nystagmus. (3) A slight and inconstant 
degree of mental change. There may be at first some mental hebetude, 
but the most characteristic condition is an unnatural cheerfulness, and 
contentment with a state of disability which should naturally give rise 
to grave concern. The change never goes beyond this; but in this degree 
it is very common, and rarely fails to strike a medical observer aa 
peculiar, although the friends regard it as merely the expression of an 
admirable resignation. 

The early symptoms of general paralysis vary much. They may be 
mental or physical. The mental change that ia most characteriatie is 
the familiar "expansive dehrium," as it is called, in which the patient 
revels iu exaggerated personal delusions. Often, however, there ia no 
more than a tendency to regard all things through roae-colored specta- 
oIm, without any actually false idea. There may not even be this 
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optimism; there maj be merely mental weakness and failure of memory 
The physical symptoms are as much spinal as cerebral. Tremor on 
movement is often conapiciioua; it interferes with the more delicate 
actions, and is especially conspicuous in the muscles of the lips and face 
in articulation. Speech ia hesitating and drawling, with a tendency to 
slnr word-endings. Loaa of the light-reflex of the iris, and inequality of 
the pupila, are common. With these there may he no spinal symptoms, 
or there may be indications of either lateral or posterior sclerosis. Oaaea 
of what may be termed "pseudo-general paralysis," in which the char- 
acteristic physical symptoms exist almoat alone — merely loas of memory 
lind slight optimism representing the mental disturbance — are not un- 
common, both in syphilitic subjects and in those who have not had 
flyphilis. Theae cases run a much more benign course than does the 
classical form of the diaeaae, often remaining stationary for years, and 
even improving. They do not get into asylums, and therefore are scarcely 
recognized in descriptions of the disease, although they are far from 



In conclusion, we may glance briefly at some of the more saliSl 
points in the all-important distinction between the so-called functional 
and organic diaeasea of the brain. The diseases that most frequently 
give rise to difficulty are hysteria, neuralgia, and some forma of epi- 
lepsy, but the chief diagnostic indications of the inorganic head-paiu and 
convulsions have been already alluded to, and I need only now epeak 
the often perplexing symptoms of hysteria. 

There are few organic diseases of the brain that the great mirael 
neurosis may not simulate. Palsy and spasm, coma and convulsion,' 
pain of every form and degree, giddiness, loss of sight, of hearing, of 
speech, — almost every symptom of positive lesion finds its counterpart 
in the repertory of that functional disturbance which lies, latent or 
manifest, within the potentialities of the nervous system of most women, 
and of many men, ready, in some, to spring into activity on the slightest 
touch of favoring circumstances. To lead you through the labyrinth of 
detailed distinction would occupy as many lectures as we have been able 
to devote to our entire subject. I must content myself with a briefer 
course — a course, indeed, that may perhaps be more useful to you, — and 
merely point out the general principles that must guide you. First 
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member this fact. Given tbe condition of age and sex — that is, of state 
of nervous Byatem, developmental or other — that underlies hysteria, 
its manifestations may be evoked by any disturbance of nerve -function, 
whether this comes from without, as in the pure and primary disease, or 
from 'within, as in secondary hysteria, which may accompany almost any 
organic disease of the brain. I mentioned to you in a previous lecture 
how many organic maladies of the brain may evoke symptoms of hysteria. 
Therefore, given symptoms of hysteria, we must never infer that this is 
the primary disease until we have searched for, and excluded, the symp- 
toms of organic disease. A fortiori this is true of the mere conditions 
in which hysteria occurs, and yet the diagnosis of hysteria is often 
made merely because the patient who presents symptoms of organic 
disease happens to be a girl. The slightest unequivocal symptom 
of organic disease is of absolute diagnostic significance, and until 
the absence of any symptoms of the kind has been ascertained, 
no other symptoms and no etiological eircumstanoes should be 
permitted to bias the observer's mind. In a large number of cases, 
attention to this rule will dispel all difBculty. But there remain cases 
in which the only symptoms present are equivocal, and seem compatible 
with each disease, although not charact eristic of either. This difficulty 
is usually rather apparent than real. The symptoms common to the 
two classes preaeut differences of detail and grouping, and a thorough 
knowledge of the characters of organic disease enables the observer to 
discern these differences t^ithoat difficulty. In the very rare cases in 
which the symptoms are absolutely equivocal, the history of other un- 
eqnivocal symptoms of hysteria may be allowed weight and to turn the 
Bcale. For instance, a lad, after a period of excessive study, was sud- 
denly seized with severe pain in the head, which lasted for a day or two, 
and then gave place to a state of stupor, in which he could only he par- 
tially roused to slowly swallow nourishment that was plaoed in his 
mouth. The condition resembled that of meningitis; but a similar con- 
dition is sometimes of purely functional origin. All other symptoms of 
organic disease were absent, and it was ascertained that the headache 
waa preceded by a period of excessively frequent breathing (a charac- 
teristic hysterical symptom), which ceased suddenly when the headache 
came on. This justified a diagnosis of hysterical stupor, and two days 
after the onset the lad woke up free from any serious symptom. 

It may be well to glance very briefly at the differeoces between some 
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of these equivocal symptoms. Speaking generally, this hysterical char- 
acter is suggested (I) by their onset after emotion, or after witnessing 
analogouH symptoms in another. (2) By their increase on attention, and 
in the course of examination, (3) By their mutability; grave symptoms 
of one character will cease suddenly, and give place to others which 
could not result from the same organic cause as at the first. (4) By the 
differences between the symptoms of hysterical origin, and the corre- 
sponding symptoms of organic disease. For instance, we may take the 
one-sided motor palsy of hysteria — hemiplegia. There ia rarely complete 
paralysis in both limbs, although there may be in one. The face-is never 
affected — an important distinction. There is usually some contracture 
in the most paralyzed limb, and this, in the hand, involves usually the 
long flexor, flexing all the phalangeal joints (the metacarpo-phalangeal 
more than in late rigidity), and the flexion of the wrist does not relax 
the other joints as it does in organic disease. Moreover, all hysterical 
contractures present a distinguishing characteristic; when an attempt ia 
made to overcome them, it is felt that the resistance is not uniform, but 
varies from moment to moment. When the paralysis is incomplete, 
movement is slow, and is attended by characteristic irregular tremor, far 
smaller in range than that of disseminated sclerosis, but coarser than 
simple tremor, and more irregular. If the muscles are felt or watched, 
it will be found that voluntary movement is interfered with by undue 
contractions in the opponents of the muscles that should effect the move- 
ment. There is no wasting, or change in electrical irritability, except 
after long disuse, and then only in trifling degree. The skin-reflexes 
are not lessened on the affected side; the knee-jerks are equal; there is 
no uniform foot-clonus (unless there is great contracture of the calf- 
muscles), but what I have termed a " spurious clonus " can occasionally 
be obtained, characterized by the palpable variations in the half-voluntary 
contraction of the calf -muscle on which it depends.' The onset of hemi- 
plegia may be rapid, but it is rarely so suddenly complete as in organic 
disease, and is not attended by loss of consciousness. Anaesthesia is 
common, either one-sided and complete, or chiefly localized in the most 
paralyzed limb. Hemian^esthesia, coming on without other indications 
of a cerebral lesion, is almost always of hysterical origin. 

The only derangement of the eyeball-movements that occurs in 
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hysteria is conyeigent strabismus from muscular spasm, and it is easy to 
obserre the absence of any paralysis if you make the patient, with one 
eye closed^ moye the other in rarious directions. Simulated ptosis is 
sometimes seen; it depends on a very gentle contraction of the orbicularis,, 
that is transformed at once into a yigorous and demonstratiye contraction, 
to keep the eyelid down, if the patient is made to look up with the 
other eye. 

The well-known aphonia of hysteria, depending on under-action of 
the adductors of the Yocal cords, is sufficiently distinguished by the 
absence of any attempt at phonation. This inactivity may extend to the 
tongue, and cause loss of eyen whispered speech, a sequence that is 
pathognomonic. Very rarely a palsy of the abductors may give rise to 
inspiratory stridor without impairment of expiratory phonation. The 
symptoms are those of the same palsy when of organic origin, but the 
association of the two is always sufficiently diagnostic. The conyulsiye 
attacks of hysteria ought not to cause a difficulty in diagnosis. These 
features are, for the most part, distinctive, and the problem is, not 
whether they indicate organic brain-disease, but whether any other 
symptoms of a different character coexist with them. 

Here, gentlemen, we must end. The problems that we have con- 
sidered in these lectures are certain to present themselves before you^ 
frequently, in your future work. Their form will vary, but the principles 
of diagnosis that I have endeavored to put before you, will guide you, I 
believe, to a right conclusion in most cases. When you meet with special 
difficulty, do not be hasty in trying to arrive at a decision. Think over 
the symptoms; read over the description of the diseases between which 
the diagnosis lies; examine your patient again; and, if necessary, watch 
the sjrmptoms for a time. Perplexing as these problems often are, they 
are rarely insuperable to those who combine, with a firm grasp of the 
methods of diagnosis, a fair knowledge of the symptoms of organic dis- 
eases of the brain. 
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In the following pages an attempt is made to give an outline of the 
Symptoms and Diagnosis of Diseases of the Spinal Cord, with especial 
reference to those points on which modem investigation has added to the 
knowledge that is current in the profession. In order to make a descrip- 
tion of these points useful, it is necessary to include them in a general 
outline of the subject, in which they may take their proper place. 

Our knowledge of the symptoms of these diseases is in advance of our 
therapeutic power. But the study of diagnosis must not, on that account, 
be undervalued. Even for practical purposes our diagnostic knowledge 
needs to be ample and exact. A very superficial study of practical medi- 
cine will show that much diagnosis, which is of no direct avail for 
treatment, is essential for the diagnosis which enables us to treat success- 
fully. Of all organs there are some diseases for which we can do little, 
there are others for which we can do much; but unless we are able ac- 
curately to distinguish the diseases of each class, we shall often fail to 
apply our skill where it would be effective. Moreover, the diagnosis is 
easy in some cases; while in others it is most difficult. The diagnostic 
knowledge which is superfluous in the one is essential in the other. 

There is another reason why a general survey of the elements of the 
diagnosis of diseases of the spinal cord may be useful. In systematic 
treatises, types of disease are described. But the mutual relations of all 
parts of the nervous system are intricate, and its morbid states are corre- 
spondingly complex. Cases which conform to types are rare, and the 
untypical cases are often puzzling, and can only be understood by a clear 
conception of the general principles of diagnosis. 

The first question in the diagnosis of diseases of the spinal cord is 
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whether the symptoms are dae to orgaziic disease or to merelr 
derangement. But although this U the first qnestiDn in any case, 
answer to it depends on the presence or absence of the dgns of organic 
disease; this point in diagnosis cannot, therefore, be considered ontil we 
have disenssed the character and significance of those signs. It is, how- 
ever, important to note, at the outset, as a rale of cardinal importance, 
that the presence of a canse of fanctional derangement is not, in itself, 
sufficient ground for diagnosis. All signs of organic disease mnst be 
searched for and excluded, before the presence of the causes of fanctional 
disease is admitted as evidence. It is clear that, if there are any signs 
of organic disease, the existence of the canses of functional disease is of 
no significance whatever. Hence the importance of knowing accan 
all the signs of organic disease, even those which are minute and 
seem superfluous. 

The causes of functional derangement frequently co-exist with oi 
disease. Hysterical symptoms, for instance, are often present in the sub- 
jects of organic disease in all parts of the nervous system. There are 
two reasons for this. Many organic diseases are the result of an inherited 
nenropathic disposition, which may also cause liysteria. Further, the 
damage from organic disease often affects very widely the nutrition and 
function of the nervous system, and thus leads to the manifestations of 
hysteria, in addition to tlie Bymptoms of the organic disease. Hysterical 
symptoms are often obtrusive, for instance, in cases of tumor of the brain. 
Hence the existence of such symptoms constitutes, alone, small evidence 
that a given disease is merely functional-. It may seem superfiuons to 
dwell upon so obvious a point, but I have often known cases to be re- 
garded as purely hysterical, when the plainest signs of organic disease 
were to bo found, if looked for; and this merely because the patient pre- 
sented manifestations of hysteria. The same thing is true of other 
causes of functional derangement, and it is true of the simulatioo of 
disease. Circumstances suggestive of malingering should be allowed no 
weight until the signs of organic disease are proved to be absent. Kot 
farely the neglect of this obvious rule has led to cruel injustice. When 
we think that symptoms are simulated, we should always look on our 
diagnosis, as well as on the patient, with suspicion, and be very sure that 
we are right, before we act on our opinion, ^^^m 

Lit there is evidence of the existence of organic disease, we have t4^^^| 
* 
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certain its seat and nature — to make, that is, the anatomical and patho- 
logical diagnosie. It is of importance to keep these two points distinct 
in onr minds. Their confusion is a fertile source of error in diagnosis. 
It is true that certain parts of the nerrous system are frequently the seat 
of certain morbid processes; but if we infer that because this or that 
region ia diseased, the morbid process is of this or that character, we 
make a pathological diagnosis from anatomical facts; and such a diagnosis 
will, not rarely, be erroneous. It is true we have sometimes fco use this 
mode of reasoning' in the absence of other evidence, or as corroborating 
other evidence, it is legitimate and useful; but it is only thoa to be used, 
and always with full recognition of its character and uncertainty. As an 
instance, we may take the case of inco-ordination of movement of the 
legs — locomotor ataxy. This indicates disease of a certain part of the 
Bpinal cord. In the majority of cases the disease in this region is of a 
certain character; but in some, the symptoms being the same, the nature 
of the disease ia different; and to infer the character of the morbid pro- 
cess, in the latter case, from the symptoms present, would lead ua, not 
only to a wrong diagnosis, but to an erroneous prognosis and unwiae 
treatment. 

It ia to be remembered, then, that we can only infer from the symp- 
toms present in a case at a given time — the seal of the disease. To learn 
its nature we have to study the way in which the symptoms came on, 
and any associated conditions which may be present. 

I have pnt this rule thus absolutely because it is one of great impor- 
tance, often overlooked. There are, however, certain exceptions to it, 
especially the facts that pain, acute spasm, and sloughing of the skin are 
sometimes (not always) signs of an irritativs lesion. Even here, how- 
ever, the exception is rather apparent than real; for it is the acuteness 
of these symptoms, rather than their mere occurrence, which ia ot patho- 
logical import. 

We will consider first, then, the elements of the anatomical diagnosis, 
the signs which indicate the seat of the disease — "localization," as it is 
the fashion to term it — and afterwards glance at the elements of the 
pathological diagnosis; that is, the symptoms which indicate the nature 
of the morbid process. 

We can only learn the significance of symptoms by ascertaining their 
nature and origin — what they are and why they are. Hence our study 
of diagnosis muat consist to a large extent in what may be termed symp- 
U 
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toraatio pathology. The symptoms of disease are alterations of heall 
fanction, and much of our symptomatic pathology is, hterally, perverted 
physiology. We must, accordingly, in the first place, have a clear 
ception of soch points in the structure and normal function of the spinal 
cord, as may enable us to understand the origin of the symptoms of 
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The position of the cord, and of the origins of the nerves, in relation 
to the bony canal in which it lies, is the first important point which we 
have to consider. It will he remembered that the cord docs not, in the 
adult, extend through the entire length of the spinal canal. It ends 
opposite the 1st lumbar vertebra, or opposite the interval between the 
1st and 3d lumbar vertehrje. Hence the various pairs of nerves {except 
the highest) do not arise from the cord opposite the vertebrse at which 
they leave the canal, and after which they are named, but at a higher 
, level. The difference between the level of origin and of exit, slight in 
t the cervical region, 'increases as we descend the cord, until, as you know, 
in the cauda equina, the lowest nerves have a very long course from the 
end of the cord to their foramina. It is important to know what nerves 
correspond in their origin witii a given part of the vertebral colnran, 
because the cord often suffers secondarily to disease or injury of the 
bones. The relation is rendered more complex by the fact that the 
veri;ebral spines, which alone we can feel, and which constitute, there- 
fore, our localizing guides, do not correspond in all parts to their verte- 
brsa. Since these points are important in diagnosis, and are not ade- 
quately described in any English work, I have prepared a diagram (Pig, 
19) showing the average relations of the spines to the bodies of the verte- 
brffi, and of both to the origins of the spinal nerves, The tips of the 
cervical spines correspond nearly to the lower borders of the correspond- 
ing vertebriB. Each of the upper three dorsal spines corresponds nearly 
to the upper border of the body of the vertebra below. From the 4th 
to the 8th dorsal, each spine corresponds to the middle of the body of 
the vertebra below. The 9th, lOtb, and llth spines slope less, and their 
tips again correspond to the upper borders of the next vertebne, while 
the rest of the spines are opposite the bodies of their own verte- 
bra. 
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What is the relation of the spines to the 
nerve origins?' The first three cervical spinee 

— I C are opposite the origins of the 3d, 4th, and 
_^ 5th cervical nerves. The Cth and 7th pairs 
.... t arise opposite the intervals between the 4th 
— -fi and 5th, and the 5th and 6th, cervical spines 
-« respectively. The Cth cervical spine < 
■■■ '' spends to the origin of the 8th cervical nerve, 

and the 7th cervical spine to the first dorsal 

nerve. The first four dorsal spines vary. 

The 1st spine corresponds to the interval be- 

...., tween the 2d and 3d pairs, or to the origin of 

the 3d pair. The 2d spine ia between the 3d 

and 4th pairs, or opposite the 4th pair. The 

3d spine is opposite the 5th, or the interval 

between the 5th and 6tli pairs. The 4th 

spine is opposite the lower part of the origin 

of the 6th pair, or even below it. The 5th 

'"^" Spine always corresponds to the origin of the 

'"" 7th pair; the 6th spine to the 8th pair; the 

"12 7th to the 9th pair; the Sth to the upper part 

„. . of the 10th pair; the 9th to the 11th pair, 

and the 10th to the 13th pair. The 1st lumbar 

nerve arises opposite the 11th dorsal spine; 

"• the 2d lumbar opposite the interval between 

„ ^ the 11th and 13th spines; the 3d and 4th 

opposite the 12th spine; the 5th dorsal and 

1st sacral opposite the interval between the 

13th dorsal and lat lumbar spines, while the 

remaining sacral nerves arise nearly opposite 

the 1st lumbar spine. 

I need not describe in detail the relations 

- ctf. of the origins of the nerves to the bodies 

of the vertebne, since they may be inferred 
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' The only recorded obaervationa on this point are those of Nuhn and Jadeiot. 
The facts stated in the text are pa.rtly the results of a fresh examination of tha 
ralationB, kiudiy made for me by Mr. V. Horsley, Demonstrator of Anatomy in 
University College. 



from the facte I have given, or ascertained by a reference to the dia- 
gram. 

Thos the cervical enlargement of the cord, which ends at the origin 
of the 1st dorsal nerves, corresponds nearly to the bodies and spines of 

the cervical vertebrae, while the lumbar enlargement, which commences 
at the 12th dorsal nerves, eorreaponda to the bodies of the Hth and 12th 
dorsal and lat lumbar vertebrae, and to the lower three dorsal and 1st 
lumbar spines. 

We may neit consider, briefly, the general structnre of the cord, seen in 
a transverse section, such as is represented in the accompanying diagram 
(Fig. 20). It is divided into two halves by the anterior and posterior fis- 
sures a/, and pf. The latter is rather a septnm than a fissure. The p 
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tion of each is marked by a depression in the surface. In addition there are 
two other depressions, one where the posterior nerve-roots enter {^pr.)', 
another (at Jt.) about midway between this and the posterior fissore. 
The two " fissures " do not meet, being separated by the commissure 
which connects the two halves. The gray matter, in each half of tlje 
cord, is surrounded by the white substance, and is divided into two por- 
tions, or "cornua." The anterior cornu (ac.) varies much in size and 
shape in different parts of the cord, being much larger in the cervical 
and lumbar enlargements than in the dorsal region. It does not come 
to the surface; the anterior nerve-roots (ar.) reach it by passing through 
the anterior column. The posterior cornu (j5c,, Fig. 30) is much 
smaller, and comes almost up to the surface at the depression {pr.) 
where the posterior nerve-roots enter. It is much larger in the lumbar 
enlargement than in the cervical and dorsal regions. The white sub- 
stance is composed of nerve-fibrea running vertically; and since these 
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end at different levels, the white subatanee lessens in amount from above 
down. The relntive amount of the gray and white substance, and the 
differences in size and shape of the gray cornua in various regions of the 
cord, may be understood from the accompanying diagrams of sections at 
different parts. 
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The posterior cornua, coming to the surface, cut off from the rest of 
the white substance, that which lies between them, and this constituteB 
the posterior columns. Each posterior column thus lies between the 
posterior median septum and the posterior cornu. The posterior roots 
of the nerves do not all immediately enter the gray substance, but some 
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of them course through the outer part of the posterior coliinm, which "^ 
may term the postero-externai column (p.e.c, Fig. 30). It has been 
termed by Charcot the "posterior root-zoue," A septum of connective 
tissue (s., Fig. iO) separates ofi, from this area, that part of the posterior 
column which is adjacent to the posterior median fissure, aud the part 
BO marked off is termed the " posterior median column." The distinc- 
tion of these two portions of the posterior column is, as we shall see, 
very important in pathology. But it is to be noted that the ftbres of the 
posterior roots only pass through the outer part of the postero-external 
column, and that these fibres in the lumbar region pass further into the 
column than the eeryical region. 

The portion of white matter which lies in front of and outside the 
gray, from the anterior median fissure to the posterior cornu, is struc- 
turally undivided, and is termed the ante ro -lateral column. It has been 




Fia. S3.— Abkjh of 
P.ILO., posterlor-inediaD columns, ono on eaoh side of llie pDsterl 

DraaCerior, p;rDmlilaI tracts, one oueach Bide of the anterior median Bsaure: c.p.t.. 
eral, pyramidal tract in the poaterior pari of each lateral column, and separated f. 

the cord by (*l, the direct cerebellar tract of Flechalg. The areas of osoBDdlDg degeo. 
) shaded Torcically; thoBa of daacendlng degenBralinn trans luraely. 

artificially divided into an anterior column, lying to the front and inner 
side of the anterior coma, and a lateral column, lying outside the gray 
matter (Fig. 30). But pathology indicates a more important division 
than this, and the study of the development of the cord corroborates the 
teachings of pathology. If certain parts of the brain (concerned iu vol- 
untary motion) are destroyed, certain fibres degenerate throughout tlie 
cord, and thi? degeneration marks out for us the fibres which are in di- 
rect connection with the motor region of the brain. Two tracts are thua 
picked out, one in the posterior part of the lateral column, on the 
site side to the cerebral lesion; aud one on the same side, in the antei 
column, close to the medium fissure (see Plate, Fig. 1, a and b). Thi 
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are callod the " pyramidal tracts," because the connection of these tracts 
"with the brain is by means of the anterior pyramids of the medulia. 
They are shown on both sideB, shailed transyersely, in Fig. 23. Those 
adjacent to the anterior median fissure aro the " anterior (or direct) py- 
ramidal tracts;" those in the lateral column are the "lateral (or crossed) 
pyramidal tracts," 

The crossed (or lateral) pyramidal tract contains the motor fibres 
which have decussated in the medulla; the direct (or anterior) tract, 
those which have not decussated there. The relative size of these tracts 
varies in different individuals; the more fibres that 
have crossed in the medulla, the smaller is the 
direct tract, and vice versd. The direct tract may 
even be absent, all the fibres having crossed above 
(Flechsig). 

Regarding the lateral pyramidal tract, it may 
be observed that it is situated behind the level of 
the anterior cornu, that it does not usually extend 
quite up to the posterior cornu (although it may 
do 80 behind), and that it does not extend up to 
the surface of the cord, being limited by a zone 
(*Fig, 33), in which there is no descending degene- 
ration. The fibres of this zone are said {by 
Flechsig) to descend from the cerebellum.' 

We have further evidence that the fibres in the posterior parts of the 
lateral columns descend from above, in the fact that, if the cord is destroyed 
at any level, these fibres on each side degenerate below the lesion, just aa 
they do on one side after a cerebral lesion. Such bilateral degeneration 
is shown in Fig. 23, C, c c, the lesion causing it being indicated at A. 
Bilateral degeneration of these tracts is shown also on the Plate, Fig. 2, 




' The direct pyrLimidal tract is also oaUed tho column of TOrck; the jwatero- 
median column is called the colutaa of GoU, aad the postera-external column ia 
called the column of Burdaoh. I have avoided the uae of theae termB. This aya- 
tem of nomenclature is full of inconvenience, increasing the difBcultiea of the 
student, and leading to frequent mistalies in scientific writings. There are verj' 
few observationa in medicine regarding which it is not obvious that they would 
speedily have been made by some one other than the actual observer; that it waa 
very much of an accident that they were made by certain individuals. Scientific 
nomenclature should be itself scientific, not founded upon accidents, However 
anxious we may be to honor individuals, we have no right to do so at the expense 
of the conveuiencB of all future generations of learners, 
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J b. This degeneration is currently, although not very happily, ten 
" Bclerosia," and the degeneration of thia area is designated " lateral 
sclerosis " — "descending lateral sclerosis," when it la the reault of a lesion 
higher np, 

I mentioned that the fibres of the white columns end at different 
levels, and so the white columns become progreaaively smaller. The 
portions of the white columns which constitute the pyramidal tracts fol- 
low the same rule, and hence the descending degeneration becomes 
smaller in areii the lower we descend in the cord, and in the lowest part 
of the lumbar enlargement it is very small indeed. Ths fibres of the 
anterior pyramidal tracts disappear in the dorsal region, probably pass- 
ing to the other side of the cord. Hence the descending degeneration 
from the brain, in tlie lower doraal and lumbar region, is confined to the 
oppoaite lateral column. Hence, too, if the cord is compressed, the de- 
scending degeneration appears in the anterior pyramidal tracts only when 
the compreaaion is high up. 

A similar process of "secondary degeneration" furnishes corrobora- 
tion of the distinctive division of the posterior column, which, as we have 
juat seen, is suggested by anatomy. Below a, point at which the cord ia 
completely destroyed, although the lateral columns degenerate, the pos- 
terior columns present no change. Above the point destroyed, however, 
{as at B, Pig, 23), while the lateral' columns, and the postero-e sternal 
columns present no change, in the postero-median columns the nerve- 
fibrea disappear and beeomie replaced by connective tissue.' This as- 
cending degeneration ia also shown in the Plate, Fig. 3, c. These are 
the only secondary degenerations commonly described. But I have found- 
in a spinal cord of which the lower extremity waa crushed, a symmetrical 
area of slight ascending degeneration in the anterior part of the lateral 
columns, in front of the pyramidal tracts (Plate, Fig. 3, e). Of its pos- 
sible significance I will apeak presently. 

The gray substance ia composed of nerve-cells and interlacing fibres; 
some of the cells in the anterior comua are very large and with many 

' This Htatement, although that which ia carront, i3 not 
Some diataooe above the damage the ascending degeneration is confined to tiie 
postero-median coiumns; but cloae above the compreaaion the degeneration ex. 
tends outwarda into the poaterior portion of the postero-external column, 
however, to that part of it through which the posterior roots pafia. Hence 
probable that the fibres which couree upwards into the poatero- median coli 
it from the postero-external column. 
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proceesea, and are called the "ganglionic "or "motor" nerve-cells. One! 
process from each cell ia undivided and constitntea the axis cylinder of 
a nerve fibre of an anterior roof. The other processes divide and sub- 
divide in the substance of the gray matter. 



II.— PHYSIOLOGY OF THE SPINAL CORD IN RELATION 
TO THE SYMPTOMS OF ITS DISEASES. 

We may now consider the chief functions of the cord, and the effects 
of their impairment. In the spinal functiona we have to distinguish 
two great systems of action — that by which the cord transmits and that 
by which it controls; i.e., its functions as a conducting organ, and as a l 
nerve-centre, reflex and automatic. 

Motor OoTtduction. — The conduction of motor impulaea from the 
brain ia in the antero-lateral white columns, probably in the pyramidal 
tracts; it is chiefly in the aide of the cord corresponding to the limbs 
moved, the crossing taking place for the most part in the medulla. The 
motor path leaves the cord by the anterior nerve-roots, but does not 
enter them directly. The fibres of the pyramidal tracts enter 
the substance of the gray matter, and are apparently connected 
through this with the large nerve -cells from which the anterior root- 
fibres proceed. Hence, both the matrix of gray matter and the motor 
nerve-cella form part of the motor path. The power of voluntary motion 
may be arrested by a lesion anywhere in this tract — lateral column of 
the cord, gray matter, and anterior nerve-roots. If the lesion is on one 
side of the cord, the loss of power will be on the same side, and in 
degree proportioned to the number of pyramidal fibres which have 
crossed in the medulla; and this, as we have seen, is not always the 
same. 

Sensory Conduction. — ^All sensory impulses — of pain, touch, temper- 
ature — enter the cord by the posterior roots, passing, in part directly, 
in part through the postero-oxternal colamna, into the posterior cornu, 
and quickly crossing to the other side of the cord. There is some reaaoa 
to believe that the patlis of these several sensory impnlsea up the cord 
are not the same. That of pain has been commonly believed to pass up 
the central gray matter; that of touch, and perhaps also of temperature, 
passes up, in the opinion of some authorities, iu the posterior column. 
But according to late, most careful, and apparently conclusive experi- 
ments by Woroschiloff (confirmed by Ott), snch sensation as can be 
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tested in the lower animals, is conducted in the dorsal region 
lateral colnmns. No facts liave been hitherto recorded suggesting that 
this is true of man. But if sensation is conducted in part in the lateral 
columns, it is certainly not in that portion of them which is occupied by 
the pyramidal tracts, because there may be no loss when these are coi 
pletely degenerated. It is probably, therefore, in front of these, 
is the situation in which I have found the ascending degeneration 
case of crushed cord in which sensation was greatly impaired. (See p. 
216, and Plate, Fig, 3, e.) This fact at present stands almost alone,' 
hut, taken in conjunction with the experiments on animals, it points, I 
think, to the probability that some sensation is conducted in this region 
in man; what or whence, whether from the skin or deeper structurt 
we do not know. 

We are still too ignorant of the paths of sensation for us to 
much from the form of its affection in spinal disease. One thing, how- 
ever, seems clear — the path of sensation is less definite than that of 
raotion, A very small portion of iindestroyed cord will conduct sensa- 
tion, but it is then, at least in its intenser form, commonly retarded. 
Each form of sensation may be impaired by disease of the posterior 
roots, either outside the cord or in the postero-external column through 
which they pass; or by disease of the conducting structures of the cord 
higher np; and since the paths decussate in the cord, if the lesion is uni- 
lateral, sensation will be affected on the sido of the body opposite to the 
lesion (motion being affected on the same side). A strong reason for 
believing that the paths are not the same is that the senses of touch and 
pain and temperature are often impaired in different degrees. The m( 
common change is for the sense of pain to be lost and touch preservt 
(analgesia). In such a condition the slightest touch of the finger may 
be felt readily, but a needle may be driven into the skin, and the patient 
experiences only the sensation of a touch. In other cases the sense of 
touch may be lost, and only the perception of painful impressions re- 
main {antesthesia). In other cases both are changed proportionately. 
To ascertain impairment, it is necessary to examine carefully the sensi- 
tiveness to each form of stimulation, to note how the patient feels the 
impression (since the sensation, when not lost, may be perverted), to 
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note whether it is localized accurately, and to note whether it is nndaly 1 
retarded, Senaationa of pain and temperature are never so rapid aa ' 
that of touch, and it is iu these that the chief retardation takes place. 

The functions of the ascending fibres of the postero- median columns 
are still unknown. Their degeneration does not seem to be accompanied 
by any impairment of sensation.' We also know little of the function 
of those fibres of the antero-lateral column which lie in front of the 
anterior cornua. 

Reflex Actions, — The next important fnnetion of the cord is its ao- 
tion as a reflex centre. We may regard the reflex syetem of the cord as 
made up of a aeries of nerve-loops, or arcs, each posterior, sensory, root 




being connected with certain anterior, motor, roots by means of the gray 
matter {Fig. 24). This consists partly of the large motor nerve-ceUs, and 
partly of a network of the finest nerve-filaments and minute nerve-cella. 
The connection of the roots, through the gray matter, is apparently by 
this network of fine fibres, which interlace like the filaments of a sponge. 
But in this there are paths of diSerent resistance, so that a slight 
stimulus may pass by the most ready patli to a certain anterior root, 
while a stronger stimulus may diffuse itself more widely and affect many 
nerve-roots. For instance, a gentle touch on the sole may cause only a 
movement of the toes; a stronger touch, a start of the whole leg. A 
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Bimilai" wide diffusion may occur in pathological stat^ of the coi 
These reflex loops are also connected with the conducting tracts to and 
from the brain. A motor impulse, passing down the cord in the white 
column (m). leaves the cord by the anterior roots (m), which are part of 
the reflex loop, and enters the anterior roots by the gray matter and 
motor nerye-cells, which may be regarded aa part of the reflex centre. 
80, too, the sensory impulse enters the cord by the posterior nerve-roota. 
(s), which are also part of the reflex loop, and then, leaving this loopp 
ascends the opposite side of the cord to the brain. Thus, the same peri* 
pheral impression excites a conscious sensation and a reflex action; and, 
on the other hand, we can, if we wish, execute voluntarily a movement 
of the leg quite the same as the reflex action. Moreover, we can exercise 
some voluntary control over the reflex movement, and prevent or lessei 
the start of the leg. 

The value of the reflex actions in diagnosis is, that their persistence 
is proof that there is no considerable disease in the reflex loops by which 
they are produced. They thus yield us very important diagnostic infor- 
mation. Both their absence and their excessive degree are 8ignificaiit.j 
It will be well, therefore, to study them in more detail. 

It is necessary to distinguish two forms of reflex action. The first ie 
that excited by stimulation of the skin, by a touch, scratch, prick, etc. 
On gentle stimulation, contraction occurs in the muscles at or near the 
spot. A. series of such reflex actions can often be obtained in the normal 
spinal cord, from the lowest extremity of the cord to the lower part of 
the cervical enlargement. In some cases they are of considerable diag- 
nostic importance. Beginning below, we have the well-known refli 
from the sole (plantar reflex) which depends on the lower part of tbw5 
lumbar enlargement, when the movement which results is conflned to 
the foot-muscles. (See Table, p. 357.) Next, irritation of the skin of 
the buttock, in some individuals, excites a contraction of the glutei- 
the gluteal reflex, we may call it — depending, I believe, on the cord 
the level of the 4th or 5th lumbar nerve. Next, there is the well-knoi 
cremaster reflex, by which the testicle is drawn up when the skin 
inner side of the thigh is stimulated. This arises at the level of the li 
and 2d lumbar pairs. It may often be excited by stimulation of ai 
part of the front and inner side of the thigh.' Next, there is the ftl 
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domiual reflex — a contraction in the abdominal muscles, when the skin 
is stroked on the side of the abdomen, from the edge of the ribs down- 
wards. This is produced in the cord from the 8th to the 13th dorsal 
nerves. Next, a stimulation on the side of the chest, in the 6th, 5th, 
and sometimes in the 4th intercostal spaces, causes a dimpling of the 
epigastrium on the side stimulated. I think that it depends ou a con- 
traction in the highest fibres of the rectus abdominis; it is singularly 
uniform in its occurrence. We may term it the epigastric reflex; it de- 
pends on the spinal cord from the 4th to the 6th or 7th pairs of dorsal 
nerves. There is no higher reflex on the front of the trunk. If we turn 
to the back, we shall find that in some patients, from the angle 
of the scapula to the iliac crest, stimulation of the skin along the edge 
of the erectors of the spine excites a local contraction in these muBcles. 
These dorsal and lumbar reflexes, as they may he termed, are only of 
corroborative value, as they are less active than the more convenient ab- 
dominal and epigastric reflexes, which are produced in the same region 
of the cord. Irritation of the skin in the interscapular region gives us, 
however, the highest reflex available— -a contraction in some of the 
scapular muscles, when alight, chiefly marked at the posterior axillary 
fold {teres); when more considerable, involving almost all the muscles 
attached to the scapula — trapezius, teres, serratus — and even moving 
the bone a little outwards. We may term it, therefore, the scapular re- 
flex, and it is produced in the cord at the level of the upper two or three 
dorsal and lower two or three cervical nerves. 

Thus in these reflexes — plantar, gluteal, cremasteric, abdominal, epi- 
gastric, and scapular — we have the means of ascertaining something of ' 
the condition of almost every inch of the spinal cord from the cervical 
enlargement downwards. The presence of the reflexes is proof that the 
reflex path through the cord is not seriously uninterrupted, but we can- 
not simply infer from their absence that this path is impaired. The 
reflex excitability of the cord varies much iu diflerent iudividuais, ia 
always greatest in early life, and is often lessened iu the old. Some of 
these reflexes are thus absent, apart from disease, especially the gluteal 
and lumbar reflexes, and sometimes the cremaster reflex, the abdominal 
reflex is also lessened by laxity or distention of the abdominal parietes. 
It is a remarkahJe fact, also, that disease of one cerebral hemisphere 
lessens or abohshes these superficial reflexes on the opposite (paralyzed) 
side of the body. The diminution may be observed immediately after 
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the occurreiice of the cerebral leaioD, and may be permaaent. It ia 
effect very difficult to explain, because these reflexes are increased if 
disease, which lessons voluntary power, ia not situated in the brain, but 
is high up in the cord. ' The effect of cerebral diaeaae does not interfere 
materially with the use of these reflexes as indications of spinal disease, 
and it affords an an important additional indication of the existence of 
an organic disease of the brain. I will presently give jou some iostani 
of the utility of these reflexes in spinal diagnosis. 

The second group of phenomena which depend on reflex action 
those which have been termed "tendon-reflexes," These pheuomi 
are of great practical importancs, and it is necessary to describe thi 
character and nature in some detail. ° 

We will first consider the well-known jerk of the leg which occi 
when the patellar tendon is tapped. It has been called the "km 
phenomenon" by Westphal, the "pateDar-tendon reflex" by Erb. The' 
latter designation has come into general use, although, as we shall pres- 
ently see, it ia an undesirable term. We may, therefore, apeak of it 
either by the somewhat cumbersome designation proposed by Westphal, 
or by the simpler descriptive term "knee-Jerk." It ia not a little curi- 
ous that this knee-jerk, which haa for generations amnaed achoolboyf 
should have become an important clinical symptom. 

To obtain the jerk, the knee must be flexed so that the qnadiii 
femoris ia gently extended, and the leg must be free to move. If then 
the patellar tendon ia struck, the quadriceps contracts and jerks the leg 
forwards. The most convenient position ia with the knee to be tested 
flexed nearly, bnt not quite, at a right angle. The poature oommoi 
employed is with the leg to be tested acroaa the other, the knee of 
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' There is, I think, only one possible explanation. In the frog the superficial 
reflexes are controlled by a centre, situated in the optic lobes, and are lessened, 
or at least retarded, if this is etimulated. It is probable, aa juat observed, that 
there is also in the higher animals a centre which ha^ the power of coutrolling 
these reflei actions, IE we assume that this controlling centre ia itself underthe 
influence of the highest motor centres — not an improbable assumption—all the 
phenomena are intelligible. The motor centres nominally restrain the control- 
ling centre: if the motor centres or path from them to the controlling centre) are 
damaged, this centre is unrestrained, and inhibits the superficial reflexes on the 
paralyzed side. Bnt diseaee in the cord interrupts, not only the volnntary path 
hut aiao that by which the controlling centre influences the superBcial 
and so these are intensifled in the paralyzed parts. 

' First systematically studied by Erb and Westphal, but previonsiy 
recognized and employed in diagnosis by Charcot. 
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supporting leg being at a right angle (Fig. 35). But if the leg to be 
tested is stout, its tension in this position may be too great to permit of 
any movement. In such case the beat posture is for the observer to 
place his arm beneatli the patient's thigh, just above the tnee, and rest 
hiH hand on the patient's other knee (Fig. 26). Not long ago I saw a 
rather stout man, well known to many members of our profession, who 
waa uneasy because a physiological friend had been unable to produce 
this phenomenon upon him. Hia legs were so stout that, m the posture 
commonly employed, no movement occurred when the patellar tendon 
WM struck. But when the thigh rested on the observer's arm, in the 
vay I have described, the tap on the tendon caused a ready jerk, much 
to the satisfaction of the individual examined, whose anticipations of 
impending locomotor ataxy were thus removed. Children may sit on 
the edge of a chair, adults on the edge of a table; but if so, and the legs 
are vertical, the effect of the blow and of the muscular contraction must 
be carefully distinguished. The side of the extended hand is a con- 
venient instrument forgiving the blow (Fig. 35). Now and then, when 
very slight, a percussion hammer (Fig. 36), or a stethoscope with an 
india-rubber edge to the ear-piece," elicits it more readily, especially 
when (as in children) the space between the patella and tibia is too small 
to permit of a suitable blow with the hand. It may commonly be ob- 
tained as readily through one or two garments as upon the skin. If its 
existence is doubtful, however, the skin should be bared. In many cases 
the movement may be obtained by a downward blow upon the patella, 
by a blow on the quadriceps tendon above the patella, or by a blow on 
the substance of the muscle, almost as readily and strongly as by a blow 
on the patellar tendon. In eases in which it is in great pathological 
excess, it may even be excited by a blow on the tibia. 

When it is in excess, the same phenomenon may be conveniently 
brought out in a somewhat different way. As the patient lies in bed, 
the finger of one hand is placed across the quadriceps tendon just above 
the patella, and the patella pushed down, so as to make the quadriceps 
tense. The finger is then percussed in the direction in which the 
patella is being pushed, so as, suddenly, to increase the tension in the 
muscle. The blow is instantly followed by a contraction, jerking the 
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1 patella and finger upvards. Very often this dngle contraction is im- 
mediately succeeded by a second, and this by a third, and go on — a series 
of quick clonic contractions, recurring aa frequently as eight per second. 
By grasping the patella firmly, and suddenly pushing it downwards, so 
as to make the mnsole teuse, this clonus may also be set up, as Erb has 
shown. It may continue as long as tension is kept up, but instantly 
ceases when the muscle is relaxed. 

The next important phenomenon belonging to this group occurs at 
the ankle-joint. If the calf-muscles, which are connected with the 
Achillea tendon, are made tense, and this tendon is tapped, the muscles 
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contract, causing a slight extension movement of the foot; just as the 
muscles of the thigh contract, when the patellar tendon is struck. In 
cases in which these phenomena are excessive, — just as sudden tension 
in the thigh-muscles will cause a contraction, followed by others in a 
continuous series — so, in such cases, if the calf-muscles, which extend 
the ankle-joint, are suddenly put on the stretch by pressing tho hand 
against the sole of tlie foot {Fig. 27), a quick contraction occurs, instantly 
ceasing, but, if the pressure is kept up, instantly renewed, and recurring, 
as long as the tension is maintained, as a clonic series of spasmodic con- 
tractions — the "ankle-clonus," or "foot-clonua" (or "foot phenome- 
non " — Westphal). It can often be obtained best when the knee is not 
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r completely extended. The movement is very uniform, from biz ten 
contractions occurring per second. By attaohing a writing point to the 

' foot, and making it trace a line on a revolving cylinder covered with. 
blackened paper, I have obtained sneh tracings as I now show yon (Fig. 

I 28), which are almost as regnlar as the tracings of a tuning fork. Thia 




foot-clonus can be more frequently obtained than the clonus in the ex- 
tensors of the knee, but the two have the same time, and are evidently 
of the game nature. 
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What is the nature of these phenomena? When a tendon is tapped, 
and its musclo contracts, the occurrence has somewhat the aspect of a 
reflex action. It was assumed by Brb that the contraction is a true 
reflex action, the stimulus being the excitation of nerves in the tendon. 
Hence it has been termed "tendon -reflex." This view has received 
apparent confirmation by the discovery of certain facts; (1) That there 
are nerves in tendon.' (2) That these phenomena depend for their 

1 It does Dot need tlie microscope to demonatrate this, as any one may asoer. 
tam who will take tlie trouble to give Ma Achilles tendon a sharp pinch. 
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B OH the integrity of the reflex path to, through, and from the 
Hpinal cord, and are arrested by a lesion in this path. By eicperiDieats 
on animals (in whom similar contractions may be obtained) it has been 
found that they are prevented by division of the nerves to the muscles, 
by division of either the anterior or posterior roots of the spinal nerves, 
or by destruction of the spinal cord.' The knee-jerk cauuot be obtained 
in locomotor ataxy (damage to the posterior nerve-roots), or in infantile 
paralysis (damage to the gray matter, the reflex centre). (3) That these 
phenomena are in excess in some cases, in which the reflex action from 
the skin is in excess. 

These facts certainly prove that some reflex influence is concerned in 
the production of the phenomena. But (as Westphal baa always main- 
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tained) they do not necessarily prove that the contractions depend 
simple reflex action from the tendons. A little consideration of the 
facts whicli I have already described, will show that there is a good deal 
which cannot be explained by the '' tendon-reflex " theory, There is 
the great fact that passive tension is necessary for the tap on the tendon 
to be effective, and that when the phenomena are in excess, sudden 
tension alone will suffice to develop the contraction. But tension acts 
upon the muscle as well as upon the tendon, and frequently the con- 
traction may be distinctly excited by stimuli which act on the muscle 
and have no action on the tendon. For instance, in cases in which 
these phenomena are in excess, if the foot be gently pressed up so as to 
make the calf-muscles tense, and the muscles on the front of the leg 



' See Tschirjew: " Archiv tttr Paychiatrie," Bd. VUI., Heft 3. 
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tapped, the cali muscles contract, just as they do irheii, under the s 
circumstances, the tendon ia tapped, and cause a brief extension move- 1 
ment of the foot. I have termed this the "front-tap contraction." It 
is a very delicate test of increased irritabihty, and it is also of consider- 
able theoretical interest, since we have in it a contraction developed by 
u stimnliia which does not in any way affect the tendon. It can affect 
the gaatrocnemius directly, for, by placing the hand on the calf, a vibra- 
tion may be felt through the leg. If the tibia, instead of the muscle, is 
tapped, the contraction is much slighter, or does not occur. 

Moreover, a tap on the tendon itself only excites the contraction when 
it increases the tension of the tendon; i.e., when it acta upon the mus- 
cle also. In the case of the Achilles tendon, this may be easily demon- 
strated with a little care. A gentle tap on the aide of the tendon will 
excite the contraction as readily as a tap on the ba^k of the tendon, but il 
the other edge of the tendon is supported (aa by the fingers of aTi assist- 
ant), the aarae tap will no longer be effective, because it no longer in- 
creases the tension. 

The strongest proof, however, of the independence of the phenomena 
on any atimulation of the tendon is afforded by the experiments of 
Tschirjew, who divided carefully all the nervea to the patellar tendon, 
and atiil found that the tap upon it made the tense muscle contract. 

Thus the evidence seems conclusive that the contractions are not ex- 
cited by stimulation of the nerves of the tendon, but that the stimulus 
originates in the muscle, the tendon being only, so to speak, an instru- 
ment by which that stimulation is produced. 

But if the muscle ia stimulated and then contracts, ia not the contrac- * 
tiOQ excited locally, as Westphal has, from the first, urged ? A reilex 
action takes a certain time, which is needed for the atimulus to travel to 
and from the cord, and for the reflex process to occur in the centre. 
According to received physiological data, an interval of at least one-fif- 
teenth of a second would be needed for the knee-jerk, if it were a reflex 
process, and rather more for the movement at the ankle. I have found 
that when the Achillea tendon, or the front of the leg ia tapped, the re- 
sulting contraction occurs in about one-thirtieth of a second. ' The 
interval for the knee-jerk has been found to be about one-twenty- fifth or 



' " Med.-Chir. Trans." 1B79, p. 2! 
firmed by Waller, " Brain," July, II 
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one-thirtieth of a second.' If the patella is pressed down and tapped, in 
the way I have jnat described, I haye found that the interval between 
the tap and the resulting contraction ia often not more than one-fortieth 
of a BQCond. The ahortuesB of the interval makes it difficult to believe 
that tfaeae contractions can be reflex, and eupporta the theory that they 
are eseited locally. 

But to this view, that the contractions are excited locally, is appar- 
ently opposed the fact that they are prevented by whatever lesion arreata 
reflex action. Somo have endeavored to explain the discrepancy by the 
suggestion that reflex action may occur in a much shorter time than ia 
commonly supposed. This suggestion is not at present justified by any 
known facta. Another and, I think, much more probable explanation 
ifl this. If we regard the contractious as local, we have still to account 
for the irritability which permits the local atimulus to cause a contrac- 
tion. This irritability is developed by passive tension. If the muscle is 
relaxed the fibres may contract if they are struck directly, just as do the 
fibres of a separated frog's muscle, but no contraction can be produced 
by striking the tendon. Hence I have suggested that the tension ex- 
cites, by a reflex influence, a state of extreme irritability to local stimu- 
lation — such as that of a tap on the tendon, or such as the vibration frt 
a tap near the muscle, or from a tap on the bone to which the tendon., 
attached — which thus excites a visible contraction. 

The explanation receives some confirmation from the very interesting 
observations of Tschirjew." He has found that if the nerve to a sepa- 
rate muscle bo divided, the muscle remains of just the same length. 
If, however, a weight be first attached to the muscle, when the nerve is 
divided the muscle leogttwna. Thia shows that the tension does excite 
a alight contraction which ia dependent on a central influence. It ia in 

'.039 sec. Burkhardt; .032—034 sec. Tacbirjew; .04 sec. Briaaaud; .03 — 
.04 sec. Waller; .3 nee. Eulenberg. Some meaaurements which I made of the 
interval {" Med. -Chic. Trans." 1879, p. 375) gave a longar interval, probably in 
consequence of the movement of the foot being taken as the indication of the 
oommencing contraction. "Load" will increase greatly the perioii of latent 
Btimulation, probably by causing the initial conti'action to expend ittielf o 
elasticity of the muscle. The measurementa given above were obtained by|M 
cording the commeDCing contraction of the muecle. 

' Tliis explanation was originaUy given for the "foot pher 
("Med.-Chir. Trans." 1979, p. 395). I now think that it ia equally applicable 
the kuBe-jerk. The evidence of the identity in nature of the two ia very foroiWr 
stated by Waller (loo. cit.). 

' " Beiohert und Du Bois aeymond'a Archiv," 1879. 
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this condition only that the local etimuIatioQ is effective. If the tension 
put on a muscle is gentle and gradual, it may only develop the irritabil- 
ity, and au additional local stimulation is necessary to produce a visible 
contraction. If, however, the tension is sudden and forcible, it not only 
develops the irritability, but produces visible contraction in the muscle 
thus rendered irritable — as in setting up the foot-clonus. I have shown' 
that the relusution of the muscle, between the sacceasive contractions, is 
not complete: there is apersistent residual contraction, i.e., a tonic con- 
traction on which the clonic contractions occur. When one clonic con- 
traction is over, the tension continuing, a second is instantly developed. 
The sensory nerves of muaclea have been shown by Tschirjew to com- 
mence, not ivithin the muscular fibrils, but in the interstitial connective 
tissue. The afferent impulse produced by tension is apparently due to 
the tension acting on these nerves; the visible contraction is excited by 
tension or vibration affecting the muscular fibres themselves. The latter 
is inefiective unless the muscles are brought into a state of special excita- 
tility through the cord. Of the reality of an afferent impulse from the 
muscle, produced by tension, you may easily convince yourselves, if you 
will allow your ankle to be suddenly flexed. A distinct pain ia felt in 
the muscle (none, be it observed, in the tendon). It is not surprising, 
therefore, that tiiis afferent impulse should, very often, not merely de- 
velop the reflex excitability, or tonic contraction, but also cause a more 
wi'isly-spread reflex action. The attempt to get the foot-clonus, for in- 
stance, will cause a flexion of the hip-joint; the attempt to obtain the 
knee-jerk may cause a movement in the opposite leg or a start back of 
the body. But these reflex contractions, if carefully observed, couflrm 
the theory which has been put forward iu the preceding pages, for 
they distinctly succeed, at an appreciable interval, the local contraction. 
It, for instance, in a patient now under ray care, I depress the patella so 
as to make tense the quadriceps, and then tap the depressing finger, the 
tap is followed, after an interval too short to be recognized, by a contrac- 
tion in the muscle, and after a very distinct interval (which I have found 
to be about three times as long as the other), by a contraction in the op- 
posite leg. So, too, Burckhardt has found that the latent interval for a 
*ltin-reflex ia three times as great as for the knee-jerk. I think that this 
theory of reflex irritability and local stimulation affords a full explana- 
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tion of all the relations of these phenomena to the central nervous 8^ 
., and to the other phenomena of disease, and it is the only theory 

j which adequately explains them. 

ms, therefore, most desirable to discard the term "tendon-re- 

[ flex " altogether. The phenomena are, according to the explanation above 

I given, dependent on a "muscle reflex " irritability, which has notliiag 

' to do with the tendons. If we wish to describe them by a general term, 
it will be best to employ one which does not involve any special theoiy 

f of their nature. They may be termed " tendon-muaenlar phenomena," 
but the intervention of tendons la not necessary for their prodnction; 

I the one condition which all have in common is that passive tension is 

I essential for their occurrence, and they may more conveniently be termed 
myoiatic contractiouB (Tarmos, extended).' The irritabihty, on which 

I they depend, is due to and demonstrative of a muscle reflex action which 

I depends on the spinal cord. 

A true " tendon-reflex" nay he excited by pinching the tendon, bat 

. this is a start of the whole limb, precisely such as results from a pinch 

I of the skin. 

A clonus qnite similar to that juat described can be sometimes ob- 

I tained in the peronei (a lateral foot-clonus), and also in the plantar mus- 

I clea of the great toe — in each case by passive tension. All have nearly 

I the same time — about eight per second. 

It is of interest to note that modern physiologists know nothing of 
muscular " tone " except as developed by tension, and it is highly prob- 
able that the condition on which the rayotatic irritability depends, is 
identical with muscular "tone." It is not, therefore, surprising that we 
are able, even in health, to get evidence of a tendency to rhythmical 
contraction. If a rhythmical contraction can be set up voluntarily, 
and gentle tension in the gastrocuemins maintained, as by sitting ou 
the edge of a chair vrith the ball of the foot resting on the ground, 
the contractions will go on involuntarily — a normal foot-clonus, which 
has precisely the same time (about six per second) as the morbid clonus 
(Fig. 30). A prolonged voluntary contraction of the calf-muscles against 
a considerable resistance (as in standing for some time on tip-toe) is also 
broken into clonus. These are evidently the same phenomenon, the 
' If it should ultimately be proved (which is very improbablej chat ao Bhortan 

f Interval as oae-tortieCh ot a aecond ia sufficient for a reflei action, and that each 
on is reflex, the term "myotatic" will still be accurate, since it will re- 

\ main true that tension ia essential for the production of these contraotions. 
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difference being that it cannot in health be excited by paBsive tension. 
For this to be effective a morbid reflex irritability is needful, such as 
only exists in disease. In morbid states, in which the rayotatic irrita- 
bility is exceBsive, the posture I have just described excites the clonus 
very readily; and the jerking legs of paraplegics as they sit must be 
familiar to you. In attempting to walk, also, the tension on the calf- 
muscles has the same effect, and the patient may be jerked violently by 
the spasm. 

It is probable that this reflex relation between tension and contrac- 
tility of muscles is of the highest importance in their associated action, 
and that the reason why, in certain muscles, as those of the calf, these 
phenomena are more readily observed, is because in these, during the 




process of walking, at every step contraction succeeds tension, and so 

I the reflex relation between the two has attained a higher degree of de- 

velopraeut. It is rare to get a distinct clonus in a child who has never 

I walked, even in the pathological conditions in which in adults it would 

certainly be obtained. 

The excess of these myotatic contractions is especially related to de- 
generation in the lateral column of the cord (pyramidal tracts). It is 
seen in extreme degree, for instance, in lesions of the cord higher up, 
> which cause descending degeneration iu those columnfi. It is seen also 

I in cases of hemiplegia with similar descending degeneration on the par- 
alyzed side. The excess is apparently not dne to the simple loss of a 
cerebral influence. It does not, as a rule, occur immediately, but de- 
I velops gradually at the end of a week or ten days, i.e., after a time 
flufftcient to allow tlie nutrition-changes of commencing degeneration to 
j pass down the lateral (pyramidal) fibres to the neighborhood of the 
I muscle-reflex centres. Over-action of these centres follows, and must 
l^i^UCribed to the loss of some controlling influence. But the control 




cftnnot be exerted by the fibres themselves, or the over-action dne directly 
to their degeneration, eince the fibres only condnct, and do not origi- 
nate nerve force. The pyramidal fibres eater the gray substance, and 
apparently end in its interlacing network of fine fibres and minute nerve 
cells, and by meana of this structure are connected with the large gan- 
glion cells of the motor nerves. The phenomena are best explained 
by the hypothesis that this structure, in the matrix of the gray matter, 
controls the muscle-refiex centres (of which the ganglion cells are part), 
and that the degeneration of the pyramidal fibres, which can be traced 
to the gray matter, invades this structure. The loss of its influence 
permits the over-action of the muacle-reflex centre. The foot-clonus 
can often be obtained in slight chloroform narcosis, but under the full 
action oi chloroform it disappears; apparently this agent influences the 
controlling structure before it influences the muscle-reflex centres. 
Ether and nitrous oxide do not abolish myotatic irritability (Horsley). 
After an epileptic fit, again, a clonus can be obtained for a few minutes, 
while after a very severe fit, t!ie myotatic irritability, instead of being 
increased, may for a few seconds be lost, so that not even the knee-jerk 
can be obtained. In the first case the discharge appears to temporarily 
exhaust the controlling structure; in the second, the more severe ac- 
tion exhausts also the muscle-reflex centre itself.' 

It is nncertain whether we should ascribe all over-action of those 
centres to loss of control. We are justified in doing so when the 
over-action follows permanently a destroying lesion, such as the degen- 
eration of the lateral columns. Slight over-action is sometimes present 
when there is no evidence of such a process, but in which there are in- 
dications of irritability of tiie spinal cord, as in cases of hysteria with 
spinal tenderness. It is possible that in these cases we have a primary 
over-action of irritable centres. 

The diagnostic importance of a considerable increase in myotatic irri- 

' I do not know at any pathological observatione of the stata of the matris 
of the gray Bubstance when there ia degeneration of the lateral colurtina without 
affection of the motor ganglion cells. The inveatdgatLon ia very difficult on ac- 
count ot the character of the structure. In cases so extremely rare hs to be mani- 
festly exceptional in mechanism, the foot-clonus has been observed a tew hours 
after the onset of hemiplegia. It is probable that in these cases the controltiaji; 
structure is inhibiied bj the irritation o( the oerebrul lesion. A case lately seen 
BUggeatB tiiut the knee-jerk may even be lost during the flrat hour after the on- 
set, and then return: the irritative iuhibition extending to the luuscte-reflex cen- 

itaelf. 
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tability can hardly be over-eat imated. By " considerable increase " I mean 
Buch a degree that a uniform clonus can be obtained by simple passive 
flexion of the foot, I believe that such a clonus is always pathological, 
always indicates grave nutritive changes in the spinal cord, and that 
there is, in most caaeB in which it can be obtained, actual degeneration 
in the fibres of the lateral columns. 

A circumstance which gives to this sign a special diagnostic impor- 
tance, ia that in the eases in which it occurs the nutrition of the mus- 
cles and sensibility of the skin are often unimpaired, and the weakness 
in the legs ia likely to be regarded as "functional," or, if in a woman, 
as " hysterical," In hysterical paraplegia the myotatic irritability ia often 
perfectly normal. It ia not uncommon, however, in these cases, to have, 
with spinal tenderness, an increased knee-jerk, but I have never seen, in 
any case of hysterica! paraplegia, a f oot-clonua such as is above described, 
and is so common in organic cases. But a spurious, or voluntary foot-clo- 
nus is occasionally met with in hysteria, which needa to be carefully distin- 
guished from the typical form. In the latter, when the foot is first 
pressed up, the clonus at once commences and continues without varia- 
tion as long as the pressure is maintained. But in the voluntary form 
there ia no clonus during the first few seconds, then the foot and ob- 
server's hand are pressed down by a voluntary contraction in the calf- 
muscles which is broken by clonus. This clonus may continue, but va- 
ries in degree (together with the pressure downwards of the foot) from 
time to time. This variation and the dependence of the clonus on vol- 
untary contraction of the calf-muacles, can be readily recognized. 

Similar myotatic contractions may be obtained in the arm. A tap 
on the extensor tendon above the olecranon will cause a contraction in 
the triceps. When they are in excess a tap on the hone to which the 
the tendon ia attached will cause a contraction in the muscle. Thus a 
tap on the radius will cause a contraction in the biceps, slightly fiexing 
the elbow; a tap on the ulna will produce contraction in the triceps, or 
in the forearm musclea connected with the bone, just as a tap on the 
tibia, in similar conditions, will cause the knee-jerk. A clonus may 
even aometimea be obtained in the biceps, or flexors of the fingers, by 
sudden tension, quite similar in time and character to the ankle-clonua. 
In many cases these contractions can be obtained without any other pas- 
sive tension than ia involved in the posture of the arm. In hemiplegia 
the increased muscular tension which is involved in the condition of 
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rigidity seems to suffice for permitting their occurrence. Each contrac- 
tion iB excited by the mechanical stimulation of the jar or of the increase 
of tension produced by the tap. 

The myotatic irritability is lost in diBeases which separate the muscle 
from the spinal cord (as a lesion of the nerve), in disease of the posterior 
roots (sQch as exists in posterior sclerosis), in disease of the anterior roots 
(as in chronic meningitis compressing the nerve-roots), and in disease of 
the gray matter at the level from which the nerves for the muscle pro- 
ceed (as in infantile paralysis and allied diseases). It is also lost in diph- 
theritic paralysis ' (in which there is an affection of the motor-nerves and 
their cells) and in pseudo-hypertrophic paralysis (probably by reason of 
the disease in the interstitial tissue of the muscle in which the afferent 
nerves begin). 

In employing these contractions for purposes of diagnosis, it must be 
remembered that they are, in health, similar on the two sides. A differ- 
ence between the two sides is always pathological. For instance, the 
front-tap contraction can sometimes be obtained in persons in whom 
there is no reason to suspect organic disease. But the presence of the 
front-tap contraction on one side, and its absence on the other, shows, 
without doubt, some structural change. Not long ago I saw a yonng 
married ladysufEering from weakness of the legs. She was very ansemic, 
and the paraplegia had been regarded as unqnestionably "hysterical," 
and she had been urged to exert herself and shake it off. The only ab- 
solute objective sign was that the front-tap contraction was very well 
marked on one side, and entirely absent on the other. This was strong 
evidence of structural change in the cord. This diagnosis was confirmed, 
only too sadly, by the subsequent progress of the case, for I afterwards 
heard that the patient became completely paraplegic, bed sores formed, 
and it seemed likely that she would die. 

Before leaving these spinal reflex phenomena, I may, parenthetically, 
illustrate, by an example, the manner in which they are changed in cere- 
bral disease, and the occasional diagnostic importance of their altera- 
tion. The cutaneous reflexes, especially the trunk reflexes, are often 
lessened, but the myotatic contractions are increased when there is any 
degree of descending degeneration in the cord. Under these circum- 
stances the foot-clonus and front-tap contraction may be obtained. Not 
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long ago, in investigating these refleses, I examined a man who was 
thought to he suffering from idiopathic epilepsy. No weakness was 
eomplaineil of. The epigastric and cremasteric reflexes were, however, 
absent on the right side, and the abdominal reflex was alight, although 
all were well marked on the left. In the right leg the knee-jerk was ex- 
cessive, and the foot-clonus and front-tap contraction could readily be 
obtained, while they could not on the left. This alteration affords the 
strongest grounds for suspecting organic brain disease, and its discovery 
led to careful examination of the strength of the right limbs. Slight 
but distinct weakness of the right ann and leg was found, and subse- 
quently increased, and optic neuritis developed. In this case organic 
disease of the brain might readily have been overlooked, and probably 
would have b^n overlooked for a time, had it not been for the indications 
afforded by these phenomena.' 

Co-ordination of Movement. — The next function of the spinal cord to 
be mentioned is that by which it influences the co-ordination of mus- 
cular movements. This function apparently depends upon the posterior 
columns, for it is lost when there is disease in this situation, as in loco- 
motor ataxy. It is not, however, the whole of the posterior columns 
which are related to the function, but merely the part distinguished as 
the postero-esternal column or root-zone, that through which the fibres 
of the posterior roots pass. The most distinct ataxy may result from 
disease limited to this situation (Plate, Fig. 5). 

Why does disease of the posterior columns interfere with co-ordina- 
tion ? We have seen that, by means of the muscular reflex actions, 
muscular contractions become associated; tension influences contrac- 
tility; and thus there is a reflex grouping of muscular actions, which 
undoubtedly playa a very important part, not only in the actual arrange- 
ment of the contractions, but also by, so to speak, moulding the spinal 
centres by establishing lines of lessened resistance through them, and so 
facilitating the voluntary co-ordination.' There is, I believe, another 



' In thia patient the right hemiplegia and the optic neuritie increased, ami ulti- 
mately left hemiplegia gradually superveneil. Afterdeath there were found tumors 
in each hemisphere of the brain. That on the left side, which was the larger, the 
aize of a pullet's egg, was situated above the lateral ventricle, beneath the upper 
extremity of the ascending frontal convolution, and it had eiten<led through the 
lateral ventricle to the Burface of the optic thalamus. It had clearly interrupted 
the connection of the upper " motor convolutions " with the motor tract. 
*yhe Bpringing movements observed by Woroscliiloff ia the bind legs of the 
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mechaiiisni by whicli the impairment of reflex action maj impair co- 
ordination. For any movement there must be not only a contraction of 
certain muecles, but also a proportioned relaxation of their opponentB. 
There isreason to think that the relaxation is really due to a reflex action,' 
and this is also suggested by the fact, long ago pointed out by Duchenne, 
that the late rigidity of hemiplegia may commonly be readily relaxed by 
faradization of the opponents of the rigid muscles. If this is so, we ob- 
tain a glimpse of a very complex series of reflex actions, by which a rela- 
tion is established between tension, contraction in the same muscles, 
and relaxation in their opponents, which must undoubtedly play a very 
important part in muscular co-ordination. These muscle-reflex pro- 
cesses in locomotor ataxy are almost always impaired (if we are to judge 
by the knee-jerk, which is commonly and early lost), Thfir loss is prob- 
ably one factor in the inco-ordination of ataxy. It is possible also that, 
as Todd long ago taught, these postero-external columns contain fibres 
which connect groups of nerve-cells at different levels, and that upon this 
connection depends in part the association of muscular contractions, 
which is essential for co-ordinated movement. The impairment of this 
aesociation, by posterior sclerosis, may be another element in the ataxy. 

But there are cases in which ataxyexiata without loss of the knee-jerk, 
and with the foot-clonus. In these cases there is always loss of power as 
well as inco- ordination, and there is sclerosis of the lateral columns as 
well as of the posterior. The lateral sclerosis will tend to increase the 
muscle-reflex action, and, apparently, the damage to the posterior roots 
is then insufficient to arrest it, or the sclerosis is so situated as not to 
afEect the posterior roots, although it may perhaps interfere with the 
connection between different groups of nerve-cells. It may be remarked 
that the inco-ordination is in these cases never quite like that in typical 
ataxy — there ia more unsteadiness than inco -ordination, In other symp- 
toms also these cases differ from those of pure ataxy. " Lightning pains " 
are rare and sensiition is usually normal. 

When superficial sensation is lost from the extensive damage to the 
posterior roots, this loss will greatly increase the ataxy by the removal 



rabbit after section of the dorsal cord, and regarded by him as " co-ordinat«i " In 
the lumbar enlargement, were probably merely a consecutive series of muscte- 
refles actions, analogous to the slow knee-clonuH whicli I have dtwcilbed ("Med,- 
C'hir. Trans." 1879, p. 289). 

'See " The MovementB of the Eyelids."— " Med. -Chir. Trana." 1879. 
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of an important indication for cerebral guidance of movement. But 
since ataxy may exist without loaa gf superficial sensation, this is evi- 
dently not the cAt'e/ element in the condition. 

In the iuco-ordination of movement which dependa on the spinal cord, 
we greatly intensify the manifestation of the trouble by reducing the 
base of Eupporfc, since the smaller this is, the more accurate is the ad- 
justment of muscular actions that is needed to maintain perfect equi- 
librinm. Hence the ataxic has a difBculty in standing with his toes and 
heels close together; and if his feet are uncovered, the irregular muscular 
contractions are shown by the twitching of the tendons. Moreover, we 
increase his difficulty by making him close his eyes, — withdrawing, thus, 
the visual guidance. It has been said that this test is only effective when 
sensation is impaired in the legs, i.e., when the sensory impressions from 
the legs are insufBcient for cerebral guidance. This is, however, not 
true. The effect may be very marked when sensation is perfect. The 
maintenance of equilibrium is partly a muscle-reflex act, and if this 
function is slightly impaired, we can easily understand that it should be 
inadequate, unless supplemented by the visual information. Even when 
there is no inco-ordination, under perfectly normal conditions, closure of 
the eyes causes slight unsteadiness. In ataxy this is, bo to speak, multi- 
plied by whatever defect may exist. 

It is important to bo aware that the inco-ordination may not be 
eqnaUy distributed through the legs. In some patients it is marked in 
the muscles of the hips and knees, and the legs are raised too high, and 
brought down too suddenly. In other eases this characteristic is wanting ; 
the inco-ordination affects chiefly the muscles of the feet, and causes un- 
steadiness of gait and irregular action of the foot-muscles in standing, or in 
movement of the feet, very conspicuous when they are uncovered. 

Ataxy may be manifested, not only in the muscular contractions 
which produce movement, but also in those which should keep the limbs 
in a fixed position. It may be conspicuous, as already stated, in the at- 
tempt to stand upright. If the arms are affected it may be seen when 
the patient holds his hands out and tries to keep them in the same 
posture. Slow involuntary movements of the hands and fingers take 
place. These are increased in degree by closure of the eyes, and may re- 
semble the movements of athetosis. The patient ia unaware of their 
occurrence. 

Controlling Funchons. — We may consider next the controlling funo- 
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f tioiis of the cord; and first, the influence which it exerts over nutrition. 

The nutrition of the limbs, etc., is, to a considerable extent, under the 

influence of the cord; that of the muscles, and probably also of the bonea 

and joints, through the anterior nerve-roots; that of the skin probably 

L through the poaterior. 

Muscular Nutrition. — For diaguostjo purposes the most important 
E the influence on the nutrition of the muscles. The path of the in- 
l.fluence is the motor-fibres in the anterior roots and nerve-trunks. 
\ Changes in the nutrition of the muscles, which are not due to local in- 
I flnence, depend on changes in the nutrition of the motor nerve-fibres. 
L But the motor fibres are the prolonged processes of the motor nerve-cells, 
I and may be regarded as parts of the nerve-cells, sharing all changes in 
I the nutrition of the cells. The nerve-fibres are excitable by electricity, 
I and changes in their nutrition are accompanied by changes in their ex- 
I citability. By the use of electricity we are thus able to ascertain their 
[ state of nutrition, and to learn what is the condition of the nerve-cells 
I in the cord, provided there is no disease separating the part of the fibre 
ed from the influence of the cells. Hence the value of electricity in 
I the diagnosis of diseases of the spinal cord. 

In a normal state, if you apply either the f aradaic or the voltaic current 
I to a motor nerve, there occurs, as you doubtless know, a contraction in 
I the muscles, continuous when the faradaic current is applied, but, if the 
r voltaic carrent is used, occurring only when the crfrrent commences or 
■ ceases to pass — i.e., when the circuit is "made or broken," In propor- 
I tion as the nutrition of the nerve-fibres is impaired, their excitability is 
I lowered; a stronger current of each kind is required to excite them and 
' cause contraction in the muscles they supply. When their nutrition is 
. much impaired — i.e., when the fibres are " degenerated " — no contraction 
can be obtained even with the strongest currents. 

The changes in the excitability of the muscles are less simple, because 
ill them there are two excitable structures — the terminations of the 
nerves, and the muscular fibres themselves. Of these the nerve-fibres 
are the more senaitive to faradization, and the faradaic stimulation of a 
muscle nnder normal circumstances is by means of these motor nerve- 
endings. Thus we find that its excitability corresponds in degree to that 
of the motor nerve supplying it. The muscular fibres themselves are, 
even in the normal state, less sensitive to faradization than the nerve, 
apparently because they are incapable of i-eady responsa to stimulus bo 
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very short in duration as are the shocks of which the faradaic current 
consists. (The proof of this consists in the fact that under the influence 
of curara, which removes the eicitability of the terminations of the 
motor nerve, the muscle requires a stronger faradaic current to stimulate it 
than, in the normal state.) Bnt under these circumstances the slowly inter- 
rupted voltaic curreut stimulates the muscle as readily as in the normal 
atate; a contraction occurs when the circuit is completed or broken — dis- 
tinctly slower than that which occurs when the nei've-fibres are intact, 
and due to the stimulation of the protoplasm of the muscular fibres 
themselves. The fact that, under normal circumstances, the contraction 
which is caused by the voltaic current is as quick as that produced by 
the faradaic shock, is ground for believing that, in health, the voltaic, as 
well aa the faradaic current, causes the muscle to contract chiefly by ex- 
citing the motor nerve-endings. When the motor nerve is degenerated, 
and will not respond to faradaic or voltaic stimulation, tiie muscle also 
loses all its power of response to the former. Apparently the nerve-de- 
generation is accompanied by changes in the nutrition of the muscular 
fibre, by which any power of response to faradization, which it possessed 
in the normal state, is lost. But the response to the voltaic current re- 
mains, and becomes quickly more ready than in health, doubtless in 
consequence of nutritive changes which develop what the older pathol- 
ogists called, truly enough, "irritable weakness," Moreover, there may 
commonly be observed a change in the readiness of response to a certain 
mode of stimulation with voltaism — a "qualitative" change, as it is 
termed. In health, the first contraction to occur, on gradually increasing 
the strength of the current, is at the negative pole when the circuit is 
closed, and a stronger current is required before closure-contraction occurs 
at the positive pole. But, in the morbidstate we are discussing, closure- 
contraction may occur at the positive pole as readily as at the negative, 
or even more readily — and contractions, when the circuit is brokea, occur 
far more readily than in the normal state. This condition, then — fara- 
daic irritability lost, voltaic irritability increased and often changed in 
quality — ^is termed the "degenerative reaction," because it occurs when 
the nerve-fibres are degenerated; and if we teat them we shall find no re- 
sponse to any stimulus, voltaic or faradaic. It occurs when the nerves 
are separated from their motor nerve-cells, and if uo such separation 
exists it indicates an acute degenerative change in those nerve-cells. It 
ifl well Been in acute myelitis of the anterior comua (as infantile palsy). 
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But the motor neire-celU and fibres often nndergo changes In Datrition 
of a much more chronic character. In this condition the irritability of 
the fibres is lessened gradnally and slowly. The irritability of the iii- 
tramascTilar nerve-«ndings ia lessened in the same degree as that of the 
nerve-trunks, and we have adiminution to both faradization and roltaism. 
The nutrition of the mnacnlar fibres is slowly, gradually, impaired; and 
when the neire-tibres are much affected the mascular fibres are al3o. 
There is no stage in which the ner?e-fibre irritability is lost, and the 
muscle-fibre irritability retained; hence there is no condition of lost 
faradaic and increased voltaic irritability sneh as characterizes the de- 
generative reaction just described. Irritability is changed to the one 
form of atimnlus jnst as to the other. This condition is seen in many 
cases of progressive muscular atrophy, and also, in slighter degree, when 
the nerve-cells suffer, not in consequence of disease primary in them, 
but as a result of degeneration or irritation spreading to them from 

I above. It is seen, for instance, in the waiting which occurs sometimes 
1 heraiplegic limbs. 
Between these two forms there are intermediate conditions, espe- 

I cially in cases of subacute disease of anterior cornua. For instance, the 

[ nerves may present normal irritability, and the muscle the increased 
voltaic irritability and changed order of contractions met with in degen- 

I'eration. Probably, in these cases, some nerve-fibres are degenerated, 
and lead to increased irritability of some muscular fibres. In both 
nerve and muscle the character of the reaction is determined by the 
more irritable structures; hence it is normal in the nerve and altered in 
the muscle. This ia termed the " middle form " of degenerative reac- 
tion. It would be more accurate to call it the *' mixed form." 

The various changes in irritability have been thought to indicate the 
eiistence and various affections of separate centres for the nutrition of 
the nerves and muscles, apart from, though acting through, the motor 
nerve-cells. Remembering that the nerves and muscles contain fibres 
which sufEer in different degrees, the phenomena at present ascertained 
may all be explained on the simpler principle stated, without the 
assumption of these special centres of the existence of which there is, 
indeed, no evidence. 

Frequently the lowered irritabUity of degereration in the nerves is 
preceded by a slight increase of irritability, very transient when the do- 
generation is acute, of longer duration when the degeneration ia of the 
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slower variety juat noticed, Thns, in the early wasting of hemiplegia, 
increased irritability may be found, slowly giving place to diminution. 
In some morbid states, again, in which the change of nutrition in the 
cells and fibres is extremely slight, an increase may alone be discovered. 
I have foand such an increase, for instance, in diseases regarded as func- 
tional, as paralysis agitans and chorea, and it is an interesting proof of 
the molecular changes which underlie, or result from, functional mala- 
dies. 

In employing electricity as a means of diagnosis, at least one of the 
electrodes should be small, so as to be able to concentrate the current on 
a single muscle. Great care must be taken to place these electrodes on 
corresponding points on the two sides. It is convenient to be able to 
interrupt the current at the battery, so that the effect of the passage of 
the current may not be obscured by the mechanical effect of the appli- 
cation of the electrode," In Stohrer's faradaic battery the current can 
readily be stopped by pressing the hammer with the third finger, while 
the rod graduating the current is raised or lowered with the thumb and 
first finger. By moving the hammer slowly with the finger, we may 
employ the isolated faradaic shock. {The current consists of a rapid 
euccession of shocks.) The isolated shock is often useful, because it is 
much leas painful than the rapid series of shocks, and is especially con- 
venient in the examination of children. A mechanical interrapter is 
essential in the case of the voltaic battery, in which the stimulation only 
occurs when the circuit is made and broken; and no battery is suited 
for nse for diagnostic purposes which does not possess such a means of 
interruption. A galvanometer, to indicate the actual strength of cur- 
rent passing, is also very useful, since the number of cells employed 
affords little indication of the current which actually passes through the 
resistance of the skin, which varies much in different parts. 

In examining muscles and nerves we avail ourselves, whenever we 
can, of the opposite side for comparison, and when we cannot, we must, 
if there is any doubt, cora]>are the results obtained with those yielded by 
a healthy individual. Two conditions may be tested — first, the lowest 

' The interrupting rheophori>8 (containing a. raechaniam in the handle for milk- 
ing and breaking contact) are leaa coavenient than they appear. In watching for 
the first flicker of contraction, it is essential that the reophore should be held 
perfectly etill, and the contEict cannot be mads or broken in the handle without 
cauBing a slight movement of the rheophore, which interferes with the detection 
of the muscular contraction. 
16 
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■treDgth of BtUDnhu to vtiicb the mnacle or nerre will re^Mmd; uij 
•econdl;, the relative decree of response to a stion^r camnt. The 
former is the more important, bat haa been tnnBted on too exdoaiTelT, 
for the Eatter ia important aleo. If a tew fibres oi a oerre are hesltbj, 
and the othen are degenerated, contractioQ mar occur with as veak a 
Btimuloa aa in the healthy Derre: bat if the cnirent be made a Ihtle 
stronger, the contraction in the dises^ed part may remain the same when 
that on the faealthj side is energetic. Both irritability and pover, 
therefore, should be noted, and aleo the order of reaction to roltaism. 

The nulrilion of bone and Joints also probably depends on the ante- 
rior gray matter, bat the iaflaence is ehoim chiefly by the effect of dis- 
eaae in retarding the growth of bones. Sow and then in posterior scle- 
rosis (locomotor ataxy), a painlees joint affection and brittleness of bones 
develop. When the npper dorsal cord is affected grave thoracic trouble 
may occur in a similar iniddious way. DyspncEa may lead to an exami- 
nation of the chest of a patient who makes no complaint, and one 
pleural cavity may be found full of fluid. 

The nulrilion of the nkin and subcntaneous tissues depends npon 
nerves which have their course in their posterior, sensory, roots, but 
whether there are special trophic fibres is unknown, and the centre on 
which the influence depends is also unknown. It is doubtful whether 
simple loss of tbe function of the posterior roots leads directly to legions 
ofnntrition. These may result indirectly in this condition; the anses- 
thesia deprives the patient of sensory information when change of po»- 
ture is required to prevent damage from pressure. Occasionally, how- 
ever, sloaghing and vesication of the skin occur with extreme readiness, 
on the least local distnrbance, and even with none. This is the case 
when the leaion ia irritative in character, especially in destruction of the 
cord at the level from which the sensory nerves to the part proceed, and 
sometimes in disease higher up, as in some cases of acute myelitia. 
^^H^ Micturition and Defecation. — The spinal cord possesses centres, sitn- 

^^^V ated in the lumbar enlargement, which preside over the action of the 
^^f bladder and rectum. They are probably complex reflex centres: that 
P for the sphincter ani is the more simple, but the system of action of 

I each may be the same. In the wall of each viecus we have mnscnlar 

I fibres to eipel the contents, and at the mouth a sphincter-arrangement 

I to prevent their continuous evacuation. Paces or air in the rectum, or 

^ - orine in the bladder, excites the lumbar centre, and causes two effects — 
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contraction in the wall and relaxation of the sphincter. This procesB 
may be, to a considerable extent, controlled by the will, although we are 
etiU ignorant of the precise mode in which the voluntary influence is 
exerted. But if the Yolitioiial path in the cord ia interrupted above the 
lumbar centres, the will can no longer control the reflex processes; as 
soon as faces irritate the rectum, they are expelled by the reflex mechan- 
ism; as soon as asuflieient quantity of urine accumulates in the blad- 
der, a reflex contraction of the detrusor, and relaxation of the sphinc- 
ter, cause its escape. The affection of the voluntary path for the 
sphincters is not always proportioned to that for the legs. If the 
damage to the cord involves also the sensory tract, the patient is 




unconscious of the action of the bladder or bowel. If the sensory traot 
is unaffected, the patient is aware of the process, but cannot control it. 
It is often said that there is permanent relaxation of the sphincters, but 
this is true only when the lumbar centres are inactive or destroyed. In 
this condition, evacuation occurs as soon as fseces or urine enter the 
bowel or rectum. The urine escapes continuously, instead of being 
expelled at intervals. The condition is less obvious in the case of the 
rectum, because there is not such continuous entrance of faces into the 
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rectum as there is of urine into the bladder. We may, however, distin- 
guish between the two states of the rectum by the introduction of the 
finger. If the lumbar centre is inactive, there is a momentary contrac- 
tion, due to local stimulation of the sphincter, and then permanent 
relaxation. If, however, the reflex centre and motor nerves from it are 
intact, the introduction of the finger is followed, first by relaxation, and 
then by gentle, firm, tonic contraction. I have verified this by intro- 
ducing an India-rubber cylinder instead of the finger, and registering 
the pressure on the cylinder by connecting it with a recording appara- 
tus, and have found that the relaxation is preceded by a very slight, 
brief contraction, and is followed by unbroken tonic contraction. The 
relaxation may also be readily produced by any impression on the 
mucous membrane of the rectum above the sphincter. 

In cases of gradual disease we may often trace the gradual loss of 
voluntary power over the process of micturition. In some cases this loss 
of power appears to be manifested as an inability, not to restrain, but to 
excite the action of the centre, and we have then a tendency to reten- 
tion. Many conditions can be best understood by assuming that the 
motor centre really consists of two parts — one (ms. Fig. 31) maintaining 
the contraction of the sphincter, the other (md) exciting the contraction 
of the detrusor fibres, and that these two parts are antagOBiBtic: when 
one acts, the other is inhibited. Thus, in normal rest, flfc •Sphincter 
centre is active, the detrusor at rest. Action is produced ^|pft conjoint 
afferent impulse from the bladder and voluntary impulse from the brain. 
Then the debrusor centre acts, and the sphincter centre ceases to act. If 
voluntary power is impaired, the afferent impulse from the bladder may 
be insufficient, and then there is retention, or in other such cases the 
motor centre may yield too readily to the afferent impulse, and there is 
reflex incontinence. 

Sexual Functions, — The conditions of the sexual organs depend on 
the integrity of the reflex loop to and from a special centre, also situated 
in the lumbar enlargement, but the due action of this centre depends on 
cerebral (psychical) as well as reflex influences. Disease of the centre, 
or of the nerves leading to or from it, abolishes sexual action. The 
sexual reflex is, however, one of the cutaneous reflexes, and it shares the 
condition of these rather than of the muscle-reflex actions.* 

1 This is sometimes well seen in locomotor ataxy. In rare caseB of thax dis. 
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The centre is probably double, and ita action is impaired by inter- 
ference with either half. When, by disease higher up, the connection 
with the psychical centres is interrupted, the sexual act cannot be per- 
fectly performed. If the path from the controlling centre (p. 333) is 
unimpaired, the reflex sexual processes are not in excess, may even be 
diminished; but if the path from this controlling centre is also inter- 
rupted, the refles sexual processes are in excess like the other superficial 
reflexes, and priapism results. If the reflex centre ia partially diseased, 
the sexual act ia impei-fectly performed. The sexual centre is probably 
near that for the creraaster reflex, and from the latter we may, in some 
cases, gain information respecting the probable condition of the sexual 
centre, and in conjunction with the conditions just mentioned, of the 
sexual power. For instance, in locomotor ataxy, the cremasjer reflex is 
rarely lost ' without sexual power being lost or lessened also. Sexual 
power may, however, be lost before the cremaster reflex, perhaps because 
more readily impaired. Again, in a patient with extensive disease of the 
lower and 'middle part of the lumbar enlargement, greatest on tho left 
aide, iu whom the cremaster reflex was present on the right side and lost 
on the left, aexual power was partially but not wholly lost, 

Vaso-motor Centres. — The centres in the cord which influence the 
sympathetic and vaso-motor system of nerves are frequently afEected in 
disease, and altered temperature, vascularity, and perspiration of limb 
result, la disease of the upper part of the cervical enlargement, espe- 
cially in sudden lesions, hyperpyrexia may occur. But these symptoms 
at present are of little diagnostical importance, except when the 
disease ia in the cervical region, and the vaso-motor change is con- 
spicuous in the face. Then, if one side is afEectsd, unilateral sweat- 
ing and flushing are conspicuous, and are due to the fact that sym- 
pathetic fibres for the head arise in, or pass through the cervical cord. 
In the same cases, the movements of the iris are impaired: irritation of 
the cervical origin of the sympathetic causing spasm of the radiating 
fibres (dilatation), paralysis of the sympathetic causing their relaxation 
{contraction of the pupil). In many degenerative diseases of the cord 

ease, there is satyriasis and in such casea I have found a condition of extreme 
irritability of the cutajieooe reflex actions. 

' It must be remembered that the cremaater reflex is Bometimefl absent, ia 
adults, apart from disease. The statement in the text applies to the cases in 
which there was such a general absence of the superficial reflexes as suggested a 
mthological loss. 
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the reflex action of the pupil to light is lost, the pupils heing asually, 
but not always, small, but {as Argyll Bobertson first showed) the pupils 
almost always contract ii an effort of acccomodation is made. The reflex 
action is lost, but the associated action remains. When the pupils are 
small in these cases, they do not dilate on cutaneous stimulation, as they 
do in health (Erh). It is probable that these phenomena do not depend 
directly on the disease of the cord, but are due to an associated degene- 
ration in the centres for the moTements of the iria in the upper part of 
the pons. 

In this survey of the more important functions of the cord, and their 
derangement, we have passed in review the chief symptoms which guide 
US in diagnosis. One or two others, however, remain. . 

Pain, referred to the spine, occasionally present iu organic disease of 
the cord, is more frequent in disease originating in the meninges or 
bones. But the frequency with which spinal pain is present in abdomi- 
nal, especially gastric, disease, and iu neuralgic affections, lessens its 
diagnostic value when it esiats alone. It is probably no exaggeration to 
say that of one hundred patients who complain of spinal pain, in ninety- 
nine there is ao spinal disease. Moreover, in cases of organic disease, 
pain is far leas freqaent when the disease begins in the cord, than when 
it commences in the protecting structures. In meuingitis, acute or 
chronic, spinal pain is frequent, and in organic disease of the bones of 
the vertebral column it is an almost constant symptom, and is combined 
with local tenderness. The same combination of local pain and tender- 
ness is seen, however, in somo cases of neuralgic pain, "rachialgia." 
The distinction between the two is that in organic disease there are 
indications either of displacement of the vertebrie or of changes in the 
cord. 

A still more important group of pains are those which are referred to 
the parts to which the sensory nerves are distributed, and have "hence 
been termed "excentric or irradiating pains." They are due to the irri- 
tation of the posterior nerve-roots in their passage through the inter- 
vertebral foramina, through the membranes, or through the posterior 
columns of the cord. Other similar paina are due, apparently, in some 
cases, to irritation of the sensory conducting tract higher up the cord.' 

' The latest physiological reiearchea seem to Rhow that the oonduoting tracts 
in the cord are not, as is commonly taught, entirely ingenaitive to local Btimula- 
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They may be dull pains, singularly resembling rheumatism, and con- 
stantly miataken for rheumatism by the patienta themselves and their 
medical attendants. The mistake is the more easily made because other 
symptoms suggestive of spinal disease may be inconspicuous, and the 
rheumatoid pains, in acute eases, may be accompanied by febrile symp- 
toms, and in chronic cases may be influenced by weather, being much 
more troublesome in damp and cold than in fine and dry weather. In 
all cases, persistent rheumatic pains in the limbs should excite a suspi- 
cion of apiaal disease, and watch should be kept for such symptoms as 
local loss of power, or alterations iu reflex action. In other cases they 
are sharp darting paina, "hke a flash of lightning and gone again," as 
they are often described by patienta with locomotor ataxy, in which they 
are very frequent. Sometimes there is a momentary local stab, at others 
the pain seems to dart down the limb. The position in which these 
various excentric pains are felt — legs, trunk, or arms — depends (when 
the nerve-roots are irritated) upon the seat of the disease — in the lum- 
bar, dorsal, or cervical region of the cord. Occasionally the irritation is 
felt, not aa a sharp pain, but as a painful sense of tightness, as if a band 
were tied tightly around the limb or tnmk — the "girdle-pain," as it U 
called. When there is transverse damage to the cord, at the lowest part 
of the healthy region tliere is a state of irritation of the sensory nerves, 
and this irritation (referred to the nerve-endings) causes the girdle- 
pain. When the nerve-roots are irritated by disease of the vertebrfe, 
€aries or cancer, the pain is very intense, and is especially increased by 
movement ("paraplegia dolorosa"). 

Whenever there are excentric paina there may be increased or dimin- 
ished sensitiveness in the part to which the pains are referred. Spon- 
taneous sensations are also common, the various feelings comprehended 
nnder the terms "numbness," " pins and needles," "furriness," "for- 
mication," and the like. The conditions in which they occur are various, 
^but they should never be lightly passed over. 

Spasm. — Muscular spasm is conspicuous in many cases of disease of 
"the apinat cord. It depends on over-action of the motor centres. Pri- 
marily, perhaps, it is due to "diminished resistance " within them, but 
ultimately the functional action {and underlying nutrition) of these 
centres seem to be permanently altered. The motor centres are, as we 
have seen, both parts of the reflex centres, and the terminations of the 
^l»ft of voluntary impulse. Hence spinal spasm may be excited by 
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teriphersl itnpressionB, or by attempts at voluntary motion. 

B parozyBins appear to come on withont excitation, especially diirinf 
Bleep. In sleep, however, the reflex action of the cord is very readily 
excited, and it is difficult to exclude alight reflex stimulation. Aa an 
■IKnte symptom, spasm is almost con&ned to meningitis, and to some 
:Tery rare forma of fanctional irritation. In meningitis the spasm is ap- 
parently reflex, produced by irritatiou of the nerves of the meninges. 
In chronic organic disea^, spasm is usually a late symptom, of gradual 
development, and then its reflex character may often be distinctly 
traced. It occurs in cases in which muscle-reflex action is in excess, 
and this, as already explained, follows and indicates the occurrence of 
, descending degeneration in the lateral columns (see p. 231). The increase 
I in the muscle-reflex action is first manifested by an excess of the irrita- 
P bility which can be developed by tension (increased knee-jerk, foot- 
clonua}, and this may be distinct at the end of a week or ten days. A 
further increase leads to occasional "stiffness" in the legs, especially at 
night; and ultimately there is developed a considerable degree of spasm, 
Uthe condition known as "spasmodic or spastic paraplegia." Any peri- 
Ipherai impression, superficial or deep, pinching the skin, for instance, 
I or sudden muscular tension, will then excite spasm. The attempt to 
[ elicit the foot-clonus may cause such muscular rigidity that no clonus 
e obtained. In moat caaea the apasm is extensor in character, and 
evidently depends on the reflex mechanism which assists in maintaining 
extension of the legs in the erect posture. In health, when we stand, 
the muscles are in a state of balanced contraction, largely reflex, the 
I afferent impulses being derived from muscles, possibly in part from joints. 
t In spastic paraplegia a similar but more intense extensor contraction is 
excited by the same posture of the limb. Flexed, it may be supple, but 
extend it passively, and as soon as it is straight the muscles become 
rigid, and it cannot again be flexed except by considerable force. It is 
juat as when a clasp-knife is opened, as soon as the blade is fully ex- 
tended it becomes rigid. So this has been called " clasp-knife rigidity." 
Frequently the spasm fixes for the time both legs to the pelvis, and if 
: one leg is lifted from the bed the other rises with it. The same extensor 
iirs when the patient attempts to stand, and it often enables a 
patient to remain erect whose voluntary power would be insufficient for 
him to do BO were he not aided by the spasm. 

In some cases, especially during sleep, flexor spasm predominates, and. 
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the hip and knee joints become strongly flexed. On what the difference 
in the form of spasm depends we do not yet know. Spasm, especially 
flexor apaam, was formerly regarded aa evidence of " chronic meningi- 
tis," becanse acute meningitis ia accompanied by spasm. lu many of 
these cases, however, there is no other evidence of meningeal disease. 

Occasionally spasm occnra in violent paroxysms, first tonic, and then 
clonic, excited by alight peripheral impressions, and in aome cases ap- 
parently spontaneous — the " apinal epilepsy " of Brown- Sequard. The 
resemblance to an epileptic paroxysm, however, is not close, and the 
quick clonic spasm depends on precisely the same conditions as the foot- 
clonus. The peripheral impression excites violent tonic spasm; as this 
is passing off, the tension on the imperfectly relaxed muscle is sufficient 
to develop clonic contractions, just as does the passive tension in the ordi- 
nary method of obtaining the foot-clonus, and so we have a series of 
quick clonic contractions succeeding tonic apaam. The effect ia most 
conspicuous in the quadriceps extensor of the knee. Sometimes the ini- 
tial tonic apasm is slight, and the spasm appears to consist entirely of 
clonic spasm.' 

Thus these spasmodic phenomena indicate integrity of the reflex loops 
and functional over-activity of the re flex- cent res. This over-action in 
chronic cases is the effect of disease above, in the lateral columns; the 
degeneration of their fibres extends down to the lower centres into the 
gray matter, and probably invades a structure in it which controls the 
muscle-reflex action (see p. 231). The gradual development of the over- 
action indicates that it ia the reault, in most cases, of changes conaeqnent 
on this degeneration. Control being thus removed, the excessive reflex 
notion gradually leads to what may be termed, if the expression is per- 
missible, a functional hypertrophy of the centres, causing persistent and 
extreme spasm. 

Simple rigidity of muscles, varying too little to be termed spasm, oc- 
curs also in some forms of disease of the cord, especially in cases of mus- 
cular atrophy (degeneration of the anterior oornua), and is due to simul- 
taneous (or, according to Charcot, preceding) degeneration in the 
lateral columns. Persistent shortening (contracture) occurs also in the 
antagonists of pandyzed muscles, but now and then as a result of over- 
action from central disease. As a consequence of this the knees may be- 

ia necessHry to mention that the term " spinal epilepsy " has been mUap- 
inFrauoe to the foot-clonus. 
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come flexed or the heels drawn ud. The latter form of rigidity, c 
«iit on a primary oyer-actiou, ia always associated with more c 
general spasm in the limb — an important distinction from the condition 
in which snch shortening is dae to the paralysia of the opponents of the _ 
contracted muscles. Persistent contracture of the gastrocnemii, as 
of " spastic paraplegia," ia sometimes seen in adults, but is more ci 
mou in children. 

III.— INDICATIONS OF POSITION OF DISEASE: 
TOMICAL DIAGNOSIS. 

We may now consider, briefly, how the symptoms which we 
studied are grouped in aisoaaee of difierent regions of the cord. The 
varioua symptoms, and their significance, have already been considered 
in detail, so that it is necessary only to mention them here. Some 
lesions of the cord affect certain structures (white columns or gray mat- 
ter) in a considerable vertical extent, the other structures being normal. 
Such affections have been called "system diseases." Others, again, are 
very limited in their vertical extent, and have been termed " focal " 
lesions. The latter may be limited to one structure, or may extend 
through a considerable transverse extent, even through the whole thick- 
ness of the cord — "total transverse lesions." The lesions which affect 
certain structures only, whetlier extensive system diseases or limited 
focal diseases, are called "partial lesions," and it is convenient to com- 
mence with these. 

1, Antero-lateral WliUe Columns. — Disease of the antero-Iatei 
"white columns causes loss or impairment of voluntary power below 
lesion, descending degeneration in the pyramidal tracts, and over-action 
of the lower centres, especially of those concerned in the muscle-reflex 
processes. This over-action may be manifested only as excess of the myo- 
tatic contractions, or it may increase to spasm and rigidity — spastic or 
spasmodic paraplegia. There is no wasting unless the degeneration' 
extending from the lateral columns, invades the motor nerve-cells in the 
anterior cornna. Then we have a combination of spasm and wasting in 
which, if the cornual degeneration proceeds, the spasm and rigidity may 
lessen as the nerve-cells suffer. In disease limited to these columns (at 
any rate, when the disease is limited to the pyramidal tracts) there is no 
loss of sensation, or inco-ordi nation. These symptoms of " Bpasmodio 
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paraplegia '^ may arise from a primary degeneration in the lateral col- 
umns, limited thereto; but such cases are rare, and in the majority the 
disease is a focal lesion more or less extensive at some level in the dorsal 
or cervical cord, and the degeneration in the lateral columns is second- 
ary. The evidence of the latter form is afforded (1) by the circumstance 
that the symptoms came on, in the first instance, suddenly or rapidly, 
primary sclerosis being gradual in onset, and a lesion which occurs in 
short time is always " focal; '^ (2) the evidence which may generally be 
-discovered that there has been at some time, or is in some region, 
damage which extends beyond the lateral columns. The proof of this 
is the implication of sensation, or the interference, at the level of the 
lesion, with the central functions of the cord. We are only justified in 
suspecting a primary sclerosis of the lateral columns when we can find 
no such evidence or history of a wider focal lesion, and when the affec- 
tion came on very gradually; and we can only feel sure that it exists 
when the arms become affected in the same manner as the legs, and after 
them. We must remember also that descending lateral sclerosis, with 
secondary spasmodic phenomena in the limbs, may also result from 
•damage to the motor tracts above their decussation — in the medulla, the 
pons, or the motor parts of the cerebral hemispheres. It occasionally 
Tesults from bilateral damage to the surface of the brain during difficult 
birth. 

Certain lesions may damage the motor tracts slightly, and impair 
conduction in a peculiar way, apparently rendering it unequal in differ- 
ent fibres. As a consequence, the muscular action is disproportionate in 
-different muscles, and instead of a balanced co-ordinated movement, we 
iave an unbalanced jerky movement. This is seen especially when 
irregular islets of sclerosis affect the cord — disseminated or insular 
sclerosis; and according to the researches of Charcot it appears that this 
irregular conduction is the result of the unequal wasting of the medul- 
lary sheaths, the axis^cylinders remaining. A precisely similar symp- 
tom may result from pressure on the motor tract — ^as by a growth. Not 
rarely this '^ disseminated ^^ or ^' insular ^^ sclerosis, in one region, is 
combined with a system-degeneration in another. An occasional combi- 
nation, for instance, is the jerking movement (from cervical insular 
sclerosis) in the arms, and ataxic inco-ordination in the legs (from lum- 
l)ar posterior sclerosis). Or with the jerky inco-ordination in the arm 
there may be weakness with spasm in the legs from lumbar lateral 
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In the latter case it is probable that the lateral e 
eimply "deaceuding," the reaalt of the damage to the pyramidal t: 
higher up by the insular sclerosis. It must be remembered that insular 
sclerosis sometimes causes merely loss of power, and equal, not irregnlar, 
impairment of conduction, especially when it occurs in the dorsal region. 
In snch a. ease we may be unable to distinguish its symptoms from those 
of a diffuse, widely-spread degeneration. 

3. Posterior Oolamits. — In disease of the posterior columns there 
is interference with co-ordination without loss of power; excentric pains, 
impaired sensation, and diminution of reflex action, in consequence of 
the implication of the sensory roots. All these symptoms depend on 
disease of the postero-external columns (posterior root zone),' Disease- 
of the postero-median columns give rise to no known symptoms. 

The posterior columns may be damaged by any pathological process; 
they are freqiient seats of primary degeneration (sclerosis), the condition 
which constitutes the common form of locomotor ataxy. The symp- 
toms of this disease usually present the following order— loss of the 
myotatic contractions, especially of the knee-jerk, pains, in co-ordination, 
diminution of sensation, loss of sexual power, and of the reflex-action 
from the skin (which may in the early stage be increased), affection of 
the sphincters and occasionally interference with the nutrition of bones 
and Joints- 
There is no loss of motor power or wasting as long as the disease re- 
mains limited to the posterior columns. It may, however, extend for- 
wards into the anterior cornua, causing muscular iirtrophy and weakness 
to he conjoined with the ataxy. Or the lateral columns may be affected 
at the same time as the posterior: we then have weakness as well as 
ataxy, but no wasting. The disease of the lateral columns causes, as I 
have just stated, increase of the muscle-reflex action, and this increase 
may thus co-exist with inco-ordi nation, the damage to the posterior 
roots being slight, perhaps absent, in these cases (see p. 236). Thus we 
may have the anomaly of ataxy with actual loss of power, excess of the 



' It 19 to be noted, however, that recent researches, especially thoBa of Pierrel 
and Dejerine, have shown that there ia Trequently an independent degeneratioa 
p£ the peripheral sensory nerves. The extent to which the symptoms of the dis- 
ease depend on this is at present undetermined. It does not appear to be invari- 
able, and the effect is probably the same, whether tlie nerve-fibres are damaged, 
at the periphery or in the posterior columns of the cord. 
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loiee-jerk instead of its loss, and the front-tap contraction obtainable, 
and even the foot-clonus. 

Associated with primary degeneration of the posterior column are 
-certain other symptoms due to simultaneous degeneration elsewhere. 
Of these the most important are loss of reflex action of the iris to light, 
wliich is extremely common, loss of accommodation, which is rare, and 
optic nerve atrophy, which is occasional. 

An important fact to remember, regarding the posterior columns, is 
their proneness to degenerate: they recover less readily, and degenerate 
more readily, than any other structure in the cord. A lesion in one 
spot may set up a degeneration which ultimately involves them in their 
whole extent. Damage affecting the whole thickness of the cord may 
pass away from the rest, and persist in the posterior columns, and even 
-spread there. In such a case we have ataxy succeeding loss of power. 
Movement returns, but without co-ordination. 

3. Anterior Cornua. — The anterior cornua contain the motor nerve- 
-cells, which, as I have said — (1) influence the nutrition of the motor 
nerve-fibres proceeding from them, and consequently that of the mus- 
-cles; (2) constitute a link in the path of the voluntary impulse from 
the brain to the muscles; (3) form part of the reflex loop, probably also 
of the reflex centre, with which the muscles are connected. 

Hence we have, as the result of disease of the anterior cornua — (1) 
degeneration of the motor nerves and wasting of the muscles; (2) loss 
of voluntary power, i.e., paralysis of those muscles; (3) interference 
with, or arrest of, all the reflex actions in which these muscles take 
part. 

The extent of these symptoms, whether they are unilateral or bi- 
lateral, affect many muscles or few, will depend strictly on the extent of 
the disease in the spinal cord. 

Of the three symptoms, the muscular wasting is incomparably the 
most important. Paralysis may result from disease elsewhere in the 
motor tract, e,g., disease of the lateral column higher up. Loss of 
reflex action may depend on disease elsewhere in the reflex loop, e.g., 
disease of the sensory fibres in or outside the cord. But muscular wast- 
ing is due only to a lesion of the motor cells, or to a lesion of the nerves 
cutting the muscles off from the influence of these cells. In most cases 
we are able to exclude the latter (by indications presently to be men- 
tioned): the state of muscular nutrition comes thus to be of the highest 
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importance as indicatiTe of the state of the anterior comua 

To leam their conditio!! further, we ascertain the electi-ical excitability 

of the nerres and mnaclea, according to the principles already laid 

Whenever we find wasting, and infer that there is disease of the an- 
terior comua, we have next to observe whether the weakness and wast- 
ing are proportioned, i.e., whether the wealinesH is only snch as the 
affection of the gray matter will account for, or whether it is in such ex- 
cess aa to indicate other disease in the motor tract. 

In acute diseases of the anterior cornua, paralysis precedes wasting. 
The sudden interruption of the motor path causes immediate loss of 
power. Wasting of muscles succeeds the degeneration of the moto;. 
nerves, occurring a week or ten days after the loss of power. In chroi 
diseases the wasting and weakness come on together. 

Chronic disease of the anterior comua is often combined with disease 
of the lateral (pyramidal) columns similar to the descending degenera- 
tion. Charcot believes that in these cases the degeneration in the lateral 
column is primary, its symptom, muscular rigidity, preceding the symp- 
tom of the coraual disease, muscular wasting, and he terms the affection 
"lateral amyotrophic sclerosis." It is possible, however, that this posi- 
tion will need reconsideration, and that the degeneration in the lateral 
columns is, sometimes at least, secondary to, or simultaneous with, the 
disease in the cornua. It often extends, however, beyond the fibres re- 
lated to the degenerated cornua, and so may cause weakness and spasm 
in the limbs below the seat of the muscular atrophy. Thus we have 
wasting in the arms, and weakness with apasm in the legs, and even, as 
I have seen, wasting in the shoulder muscles, and weakness without 
wasting in tbe hands. 

A lesion of the anterior comua never, per se, affects sensation. 
Acute lesions in this situation may, however, disturb adjacent sensory 
parts (posterior comu or sensory tract), and so cause " excentric " pains, 
often rheumatic in cliaracter. Actual losa of sensation, with wasting, 
points, especially if irregular in distribution, to damage to the nerve-root» 
outside the cord, and therefore to disease of the meninges rather tl 
of the cord itself. 

4. Unilateral Lesions. — These interfere with the conduction of thfl 
motor impulse on the same side as the lesion, and so cause weaki 
one side, " he mi-paraplegia " or " spinal hemiplegia," and often descend' 
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tng unilateral sclerosiB with its aymptoma in the aftected leg. Whether 
there is weakness of the other lag (if the lesion is strictly anilateral) will 
depend on the number of pyramidal fibres, which in the " direct pyra- 
midal tract," have not decussated at the seat of the lesion ; and this 
varies, as we hawe seen, in different individuals. It must be remembered, 
however, that in unilateral lesions, the opposite half of the cord is often 
slightly damaged, and tiie symptoms are therefore rarely limited to one 
leg. Sensation is affected on the opposite side to motion, but not quits 
up to the level of the lesion, because the decussation of the sensory tract 
is not immediate, but occurs a little above the place at which the nerves 
enter the cord. Sometimes, however, sensation is afEected on the same 
side as motion. This is often the case when the paralysis affects the leg^ 
only, and probably the lesion is, in snch cases, so placed as to impair the 
sensory fibres before their decussation. 

5. Total Transverse Lesions. — A total transverse lesion of the cord, 
at any level, however limited in vertical extent, separates all parte be- 
low the lesion from the brain, and hence, so far as will and perception 
are concerned, produces the same effect as if the whole of the cord below 
the lesion were destroyed. A section across the cord in the middle of 
the cervical enlargement, for instance, paralyzes all parts below the 
neck with the exception of the diaphragm. Hence the extent of the- 
paralysis indicates only the upward limit of the lesion. This is also in- 
dicated by the position of the girdle-pain and radiating pains, or zone 
of hypersBsthesia, which are due to the irritation of the sensory roots in 
the lowest part of the upper segment — an important indication when 
the lesion is in the dorsal region, where the precise limitation of motor 
weakness may be recognized with difficulty. 

It is important, however, to know the symptoms which occur in dis- 
ease at different levels. These are shown in the accompanying dia- 
gram and table (Fig. 32), and may be understood from the following- 
description. The indication of the upper level of the lesion is afforded 
by the loss of the motor and sensory functions, shown in the first two 
columns. The lowest nerves supply the anus and perineum. The 
nerves whioh supply the skin and muscles of the log and foot arise 
from the 1st to the 3d sacral nerves, and are damaged by a lesion involv- 
ing the lower part of the lumbar enlargement. We must remember, 
however, that the skin on the inner side of the leg is not supplied from 
this source, and so may escape when the outer part of leg and back of 
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the thigh have lost eeoaation. In the middle of the lambar enlargeoiei 

we have the nsrrea arising whioh enter the lambo-aacral oord, and 
are probably destined for the flexora of the kuee, and for the hip mus- 
cles which are supplied by the sacral plexus, the glutei, the quadratus, 
and gamelli, and the skin of the lower part of the gluteal region. These 
parts then will bo paralyzed by disease in the middle of the lumbar en- 
largement, while the muscles and skin in front of the thigh are unaf- 
fected. The latter aufler when the disease affects the upper part of the 
lumbar enlargement, the origin of the anterior crural (rectus, etc.), and 
obturator (adductors). The akin on the npper and outer parts of the 
thigh loaea sensibility, with the part adjacent to the scrotum, and in 
the groin, only when the disease damages the highest part of the lum- 
bar enlargement, from which the first three lumbar nerrea arise, and 
then the flexors of the hips become pai-alyzed. In proportion aa the dis- 
ease is higher in the dorsal region, we have the symptoms ascending 
higher up the trunk, and mirking accurately the height of the lesion 
"by the loss of cutaneous sensibility, and by the impairment — first, of 
the abdominal mnaclas, and then of the intercostal muscles. The um- 
bilicus corresponds to the 10th dorsal nerves, and the ensiform area to 
the 6th and 7th. Wh3n the disease reaches the lowest part of the cervical 
enlargement (the 1st dorsal nerrea), we have the first symptoms in the 
upper extremity; but theae are not, as might be expected, in the mus- 
cles moving the shoulder joint, but in the hand. The firat numbneaa 
is complained of in the little finger, and the firat weakness is in the in- 
trinsic muscles of the hand. Ascending higher, the symptoms pass up 
the arm with some uniformity, and without respect to nerve distribu- 
tion. "When the middle of the cervical enlargement is reached (the 5th, 
6th, 7th cervical) the shoulder muscles and the serratus maguus become 
paralyzed, and there is general loss of power and sensation and antes- 
thesia. Above the level of the 6th pair, the trapezius and sterno-mas- 
toid become somewhat weakened, for the fibres of the spinal accessory 
which supply them undoubtedly arise in part from this ("egion of the 
cord. At the 4th and 5th cervical the lower part of the neck becomes 
ausesthetic, and the diaphragm ceases to act. Here our localization 
might cease, for total transverse lesions at this spot necessarily cause 
death. For a little time the sterno-mastoids and scaleni can get air into 
the chest, but not in sufficient amount to maintain life for more than a few 
days. Bat limited lesions may occur higher ap, and then we have com- 
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plete powerlesaness of the musclea moving tlie head, upper part of 
pezius and sterno-mastoidj and other musclea attached to the occipital 
bone, and interference with sensation in the neck and parts of the head, 
which are not supplied by the 5th nerve. 

The extent downwards of the lesion, its vertical extent, is thus not 
indicated by the impairment of its conducting functions, the motor or 
sensory paralysis; and to learn this we have to examine the functions of 
the cord as a central organ, and to ascertain how far they are impaired 
in the paralyzed region — to esamine especially muscular nutrition and 
reflex action. The state of muscular nutrition and irritability indi- 
cates how far the anterior cornua are impaired, and the latter shows, as 
1 have explained (p. 340), whether they are involved in the primary le- 
sion or are affected secondarily. The relation of the several groups of 
muscles to the cord is shown in the first column of the table. The in- 
tegrity of reflex action indicates the integrity of the reflex loops, and 
the study of the superficial reflexes of the trunk is especially instruc- 
tive in this respect. The series of reflexes, and the relation of each to 
the cord, are shown in the third column of the table; the myotatic con- 
tractions are printed in italics in the position which corresponds to the 
centres, the influence of which is essential for their production. Excess 
of superficial reflex action indicates withdrawal of the cerebral control- 
ling influence of the reflex centres, and marked excess of the muscle" 
reflexes suggests the existence of a descending degeneration in the 
eral columns. 
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IV.— INDICATIONS OF NATURE OF DISEASE: PATl 
LOGICAL DIAGNOSIS. 

The last part of our subject remains for consideration — the elements 
of the pathological diagnosis, by which, having ascertained the seat of 
the lesion, we endeavor to learn its nature. To do this, we attend, first, 
to the way the symptoma come on and develop ; secondly, to the posi- 
tion and distribution of the lesion ; thirdly, to any causal or associated 
conditions which may be present. 

We may group the primary moroid states into the follt 
forms ; — 

(«) Vascular lesions; rupture oi vessels, causing haemorrhage; t 
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gion of vessels, from thrombosis or embolism (the latter being very 
rare). 

{b) Inflammation; ^* myelitis/' acute or chronic, the former causing 
softening. It is common to call all forms of softening '^ myelitis ; '' we 
do not yet know how far they are originally inflammatory, or are set up, 
as in the brain, by vascular occlusion* Some chronic inflammations are 
not attended by softening. 

(c) Degelieration and " sclerosis, '' in which the nerve-fibres waste, 
and the connective tissue (neuroglia) overgrows. 

The term ^^ sclerosis '^ is inaccurate etymologically, since the part 
altered by increase of connective tissue elements is often softer than 
normal, but the term is firmly established. In some cases the change 
appears to commence in the nerve-fibres, in others in the connective 
tissue. Some forms of degeneration pass by graduations into chronic 
inflammation (here as elsewhere), and the term "chronic myelitis '^ is 
sometimes applied to the slow degenerative forms. On the other hand, 
the condition of " sclerosis " may result from inflammation. The term 
is thus used in two senses, to indicate a pathological process, and a 
pathological condition which may result from more than one morbid 
change. Here the term will be used, when unqualified, to designate the 
process. 

It is most important to remember that degeneration and sclerosis are 
not identical terms. Primary degeneration of the nerve-fibres is fol- 
lowed, after weeks or months, by overgrowth of the interstitial tissue, 
which takes their place. 

(d) Pressure from without, by inflammatory swelling of meninges, 
or by displaced bones, or by growths. 

(e) Growths in the cord itself. 

I. We have first to consider how far these several lesions can be dis- 
tinguished by their onset, i.e., by the time occupied in their develop- 
ment to a considerable degree of intensity. According to this, we may 
divide them into five classes: those in which the onset is sudden, instan- 
taneous or nearly so ; acute, occupying a few hours to a few days ; sub- 
(icute, developing in one to six weeks ; and lastly, the chronic cases. 



THE DIAQN0SI8 OF DISBA8B9 OF THE BPINAL OOBD. 



wliich may bo divided into those occupying six weeks to six months, 
those ocupying six months and upwards in their onset, 

I have endeavored to show the common relation of the 1 
these several courses in the following table : — 

Onset. 

SUDJJEN 

{few minutes) 



Acute 

{few hovrs or days) 

SUBACtTTB 

{one to six weeks) 
Chronic 

{six weeks to six months) . 
Veey Chronic 

(six months and upwards) 



Vascular lesions. 



Inflammation 
(myelitis). 

V. Degeneration 
j (sclerosis). 



A lesion of sudden occurrence, developing symptoms in the coura 
a few minutes, is almost always vascular; commonly hEemorrhage, perhaps 
vascular obstruction. But a vascular lesion may occupy a somewhat 
longer time in development — a few hours or days. In acute and sub- 
acute inflammation the symptoms come on in the course of a few hours, 
a few days, or a week or two. Chronic inflammation occupies from a 
few weeks to a few months. Degeneration, in which there is no ade- 
quate evidence of any inflammatory process, occupies many months, or 
it may be years. The symptoms produced by growths or simple pressure 
(traumatic causes excluded) are never sudden or very acute, and rarely, 
if ever, very chronic, the time occupied by the development of the 
symptoms varying, according to the nature of the cause, from a fort- 
night to six months. 

It is necessary to consider, however, not merely the whole time occu- 
pied by the development of the disease, but also the uniformity of its 
course. Two or more morbid processes may concur. An initial mye- 
litis, for instance, may lead to a secondary degeneration ; and, on the 
other hand, in degenerated tissues sudden vascular lesions occasionally 
occur. Pressure often produces local myelitis, which may be very acute 
in its development. Cancer of the vertebrre, for instance, usuaJiy causes 
rapid myelitis. The whole course of the disease must he asceriainen oe- 
/ore an inference is drawn, 
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The onset and course of the symptoms thus sometimes enable us to 
decide at once that a lesion is of a given character, as that one which 
occurs instantly is vascular, or that one which takes years for its devel- 
opment is degenerative. More frequently they enable us to exclude cer- 
tain morbid processes, and to restrict the possible lesion to two or three 
forms. For instance, a lesion which comes on in the course of a few 
hours must be either vascular or inflammatory. Between these we have 
to decide by attention to other indications. 

II. In actual diagnosis it is convenient to consider next the indica- 
tion afforded by the position and distribution of the disease. We con- 
fiider what diseases occur in this situation, and then which of them have 
the mode of onset which has been ascertained. As I said at the outset, 
"this indication is only to be employed in subordination to a careful study 
of the mode of onset and course. 

The gray matter of the cord is the most frequent seat of haemorrhage. 
Either gray or white substance may be the seat of inflammation or of de- 
feneration. In young children inflammation is much more common in 
the gray matter than in the white. Pressure or growths usually first 
affect the white columns, but may afterwards involve the gray matter. 

The affections called '^system-diseases,^' in which one system of struc- 
ture is affected through a wide vertical extent of the cord, are commonly 
degenerative in nature : such are lateral sclerosis, posterior sclerosis 
(locomotor ataxy), the change in the anterior cornua which leads to pro-^ 
gressive muscular atrophy (anterior cornual degeneration). These pro- 
cesses probably begin in the nerve elements. On the other hand, lesions 
which have a limited vertical extent — ''focal lesions'' — ^are commonly 
the result of processes which may be either acute or chronic, but begin 
outside the nerve elements, in the connective tissue, vessels, etc. Such 
are haemorrhages, foci of myelitis, spots of ''insular" sclerosis, growths, 
and pressure from without. 

But this distinction cannot be employed except after due considera- 
tion of the mode of onset. Scattered acute focal lesions, for instance, 
may be widely distributed in the same structure, and produce symptoms 
limited to certain functions, but of wide extent, and simulating — indeed, 
constituting— a "system-disease." Thus I have seen subacute sym- 
metrical myelitis of the anterior cornua in the lumbar and cervical en- 
largement cause paralysis and atrophy in all four extremities, the upper 
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parts of the limbs being normal. Again, a small focal lesion ma; be 

limited to one Btructure, and cause symptoms conSoed to one function. 
Thus we may have an anterior corn ual myelitis, or a columnal myelitis, 
lateral or posterior, giving rise to limited symptoms — local muscular 
atrophy, uniiateral paralysis, or local ataxy. Lastly, many "foca- 
'esions " may give rise to secondary system-degenerations. A focus of 
nyelitis in one lateral column may cause descending degeneration in the 
whole lateral column below, with its attendant spasmodic symptoms. 
Indeed, so true is this, that, as we have seen, lateral sclerosis ia more 
often secondary to a limited focal lesion than primary. In all these 
cases, however, attention to the mode of onset will prevent error. 

The combination of mode of onset wttii seat of lesion sometimes 
helps us in a more direct manner, especially in the case of growths and 
compression. The characteristics are their limited vertical extent, 
gradual onset, and slow ijivasion of parts adjacent to that first affected, 
on the same level; one leg, for instance, is affected, and then the other. 

Indication of disease outside the cord, irritation of certain nerve 
roots, causing severe local pain, often precedes the symptoms of com- 
pression and is an important aid to diagnosis. It shows the existence of 
a morbid process outside the cord before the cord is involved. But we 
cannot use even this indication except in dependence on the mode of 
onset. A disease, as a growth outside the cord, may not only compreafi 
the cord, and cause slow loss of power; it may excite inflammation and 
cause rapid palsy. 

There is a rare form of paralysis, in which the functions of the cord 
are progressively impaired from below upwards, until, in the course of a 
few days, death results from interference with respiration. In tl 
eases of "acute ascending paralysis," as they are called, no lesion of 
cord has usually been discovered, and their exact nature is unknown. 
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III. The last element in the pathological diagnosis is the detection 
of any influence which can be regarded as the cause of the disease in the 
spinal cord, or any associated condition which may indicate an active 
morbid process. We have seen that the mode of onset may help us to 
limit the disease to certain possible forms of lesion: the distribution of 
the affection may render it probable that it is one or other of these 
forma; and the detection of a cause of disease of the spinal cord, and the 
knowledge of the lesions which that cause produces, may help us to fix 
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the nature of the lesion still further. It is important, therefore, in 
diagnosis, to be aware of the several effects of the common causes of 
spinal disease. 

1. The Age of the Patient, — In young children acute myelitis is the 
most frequent lesion, and the gray matter is usually the chief seat of the 
disease. 

2. The State of the Vascular System. — The conditions which favor 
haemorrhage are of far less diagnostic value with regard to the spinal 
cord than with regard to the brain. Conditions of mechanical con- 
gestion — ^heart disease, emphysema, etc. — favor degenerative changes 
and also, probably, thrombosis. The state of the vascular system which 
is associated with chronic kidney disease undoubtedly favors degenerative 
changes in the cord, the occurrence of which has been demonstrated by 
Sir William Gull and Dr. Sutton. 

3. Scrofula commonly causes spinal disease by leading to disease of 
the bones of the spinal column; and the evidence of this, local tender- 
ness or irregularity of the vertebral spines, or actual curvature, is of the 
highest diagnostic importance, and careful and repeated examination of 
the bones should never be neglected in cases of obscure spinal disease. 
There is, perhaps, no error in diagnosis which is more frequently made, 
or which results in graver errors in treatment, than the non-recognition 
of disease of the spinal bones. It is important to remember that the 
damage to the cord may occur before the signs of bone disease are dis- 
tinct: hence the importance of repeated examinations. 

In bone disease the cord suffers in at least four different ways: — {a) 
By pressure from the inflammatory swelling of the bone or inflammatory 
products without curvature. The effects of the pressure may lessen as 
the curvature comes on. {b) By pressure in consequence of the dis- 
placement, the bony canal being narrowed by the angular projection of 
the bodies over which the cord is stretched, (c) By secondary chronic 
inflammation, with thickening, of the dura mater and tissue outside it, 
compressing the cord, {d) By inflammation extending through the 
membranes to the cord, or set up in the cord by the compression. 
Hence we cannot, because we find evidence of bone disease, immediately 
conclude that the cord is pressed upon by the displaced bone. We must 
investigate the mode of onset of the symptoms and their character, and 
infer from these the character of the disease of the cord according to the 
rules now given. The most common mechanisn is compression by pro- 
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iduots of inflammation outside the dura mater, and by the thickening of 
this membrane. 

In recognizing bone disease it must be remembered that not only may 
there be no angular curvature until long after the cord has euSered, but 
there may not even be irregularity of the vertebral spines. There are 
often pain and local deep teadenieas to be elicited. In the resulting para- 
plegia the esceaa of the ciitaneoua reflexes is often an early and conspic- 
symptom, and spots of auaesthesia at the level of the bone disease, 
lue to pressure on nerves, may sometimes be found, and give important 
lielp in diagnosis. 

4, Syphilis. — The methods by which syphilis causes disease of the 
cord, which are universally reoognized, are — 

{a) The growth of syphilomata spriaging from the connective tissue, 
the membranes, or tissue in the Assures, and invading the cord. In these 
bases we have symptoms varying in character according to the position 
of the growth, and similar to those produced by other limited lesions, 
bat always of gradual onset. 

(S) By chronic meningitis, with thickening and pressure on the 
nerves, and sometimes on the cord also. The characteristic symptoms 
depend upon the damage to both motor and sensory nerves, that of the 
former cutting off the muscles and peripheral nerves from the influence 
of the motor nerve-cells, and henoe causing muscular atrophy, very sim- 
ilar to that due to disease of the gray matter, but differing by its as- 
sociation withscatteredareasof diminishedsensitiveaessof thealtin. The 
interference with the reflex loops abolishes reflex action in the part; but 
if the damage is confined to the upper part of the cord and the cord it- 
self is pressed upon, there may be au excess of the reflex action on the 
lower part. 

(c) Syphilitic disease of vessels ma,j probably lead to acute softening, 
similar to that in the brain. Syphilitic subjects may become suddenly 
paraplegic, and it is possible that it is by this mechanism, although the 
fact does not at present rest on post-mortem evidence, 
I All the above lesions originate in the adventitial structures. There 

I ifl, however, a considerable mass of evidence to show that (d) diseases 

( which originate in the nerve elements and neuroglia, more or less inflam- 

t matory or degenerative in character, may be a late effect of sypbiliB. I 

I have found, for instance, disseminated foci of chronic myelitis, affecting 

L f^^y the periphery of the cord, throughout the dorsal region, in a eypk- 
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ilitic woman, and two similar cases have been observed by Pierret. It is 
probable that this form of chronic myelitis is usually syphilitic. 

Symptoms of acute myelitis sometimes occur in syphilitic subjects, 
and the myelitis has been regarded as due to the sjrphilis, but the evi- 
dence of this is at present insuflBicient. 

The majority of cases (about 70 per cent) of locomotor ataxy, pri- 
mary posterior sclerosis, occur in individuals who have had syphilis many 
years before.* Anterior comual degeneration (progressive muscular 
atrophy) sometimes occurs after constitutional syphilis, and so also do 
the symptoms associated with sclerosis of the lateral columns. In these 
oases of degenerative disease it does not appear, as far as we can tell, that 
the anatomical process presents any recognizable difference from that 
which occurs as the result of other causes; and it is possible that the in- 
fluence to syphilis, although effective, may not be direct, i.e., the dis- 
ease is due, in part at least, to the preceding syphilis, although it is not 
syphilitic in nature. One consequence of syphilis may be to cause a 
neuropathic tendency, in which these diseases are gradually developed. 

Although not strictly a fact of etiology, I 'may mention that the re- 
sult of treatment often affords an important corroboration of the diag- 
nosis of sjrphilitic disease. If symptoms, which we have reason to sup- 
pose are due to syphilitic disease, improve rapidly when iodide of 
potassium or mercury is given, the diagnosis is strongly corroborated.' 
But the converse of this is not equally true. A disease may be due to 
syphilis, and no improvement be obtained from specific treatment. It 
must be remembered that as regards (a), (b), and (c), the syphilitic dis- 
ease causes symptoms by producing changes in the nerve-elements, sof t- 
tening, degeneration, etc., which are not in any way syphilitic, but are 
such as would result from adjacent disease of any other nature. Under 

* See ** Syphilitic Neuroses," ** Brit. Med. Journal," March, 1879. A similar 
statement had been expressed before by Fournier, and since has been made by Vul- 
pian and Erb. I have given their statements in a paper on the subject of * * Syphilis 
and Locomotor Ataxy, " in the * * Lancet" for January, 1881. It is not suggested that 
syphilis is the cause in this proportion; in some the coincidence of the two dis- 
eases may be accidental. The facts seem to justify the assertion that half the 
patients would not suffer from ataxy had they not previously suffered from syph- 
ilis. 

* Always provided the symptoms are not such as tend to lessen spontaneously. 
I do not mention this exception in the text, because, important as it is, it has 
less application to the syphilitic disease of the spinal cord than to those of the 
brain. 
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some oonditioQS (of intensity, duration, etc.), the recovery of the nei^^^| 
tissue may be impoesible, even though the syphilitic adaenral dise^^^^ 
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completely removed. Further, the diseases of the last class (rf) are 
not, except in the earliest stages, benefited to any marked extent by anti- 
Hyphilitic treatment. 

5. The exciting causes of disease of the spinal cord sometimes 
diagnostic indications. Exposure to cold may cause acute symptoms 
monly due to inflammatory softening — sometimes focal, sometimes dif- 
fuse; and in the latter case often accompanied by symptoms of meningitis. 
It may also cause hsemorrhage. It is especially effective in women at the 
menstrual period. Repeated exposure may lead to degeneration, espe- 
cially in the gray matter. 

Acute specific diseases, as typhoid fever, are occasionally followed by 
spinal symptoms, due to changes which are probably of the nature of 
subacute inflammation. It is very common for a patient, after typhoid 
fever, to suffer for a long time, sometimes permanently, from weakness 
of the legs; and occasionally during the course of the disease acute symp- 
toms, as those of anterior cornual myelitis, may occur. 

Sexual excess is a more common cause of transient functional 
□ess than of organic disease. 

Traumatic influences are frequent causes of cord disease. The cord 
may be directly pressed upon and damaged by displacement or fracture 
of the vertebrffi, or a severe concussion may be followed by slow paraly- 
sis at an interval of a few days or weeks. In such a case, occurring after 
a railway accident, I have found numerous minute foci of chronic inflam- 
mation, most abundant in tlie gray matter. Sometimes a still longer 
interval elapses between the injury and the paralysis. In such cases a 
growth or patch of sclerosis appears to be set up by the injury, althouj 
years may pass before the symptoms reach a considerable degree of in! 
sity. 

These, then, are the chief etiological facts which, taken in couji 
tion with mode of onset and distribution, enable us to form an opi 
regarding the nature of the lesion. 

To sum up: In examining a case of disease of the spinal cord, | 

* An instructive instance of the way in which the reaults of an injurjr of f 
head may cause both growths and arterial disease, and, years later, both chroulc 
and acute symptoma, will be found recorded in the author's "' MediciJ Ophthal. 
moHCopy," Case 4, p, 248. 



rmp- 



PATHOLOGICAL DIAGNOSIS. 267 

method should be briefly as follows: — ^First, endeavor to ascertain the 
exact seat of the lesion; note how far the several conducting func- 
tions of the cord are impaired, and the highest level of the impairment; 
then ascertain the condition of the central functions, especially muscular 
nutrition and irritability, and reflex action, first in the part below the 
level at which conduction is impaired, and secondly at the supposed level 
of the lesion; and in this way you may infer, without much difficulty, 
what is the extent of the lesion transversely and vertically. In the next 
place endeavor to ascertain its nature by considering — first how the 
symptoms came on and developed; secondly, which of the lesions having 
this mode of onset and development occur in the region affected; and 
thirdly, which of them are produced by the cause or causes to which the 
disease is apparently due. 

This process of diagnosis may seem somewhat elaborate, and, no 
doubt, a practised observer does not always consciously go through it. 
But, in most cases, if he wish*to avoid error, he goes through it uncon- 
sciously, and no step can be with safety dispensed with. We may thus, 
in almost all cases, arrive at an exact diagnosis of the seat of the disease, 
and, in a large number of cases, of its nature also. There are, however, 
some cases with respect to which the diagnosis of the nature of the lesion 
can be approximate only, although we can always limit it to one or two 
possibilities. 

It will be observed that I have said nothing of "anaemia of the cord,^^ 
of "hyperaamia of the cord,'' or of " reflex paralysis/' In current de- 
scriptions of the symptoms of these conditions, I cannot help thinking 
that a vigorous scientific imagination has contributed much more than 
observation has supplied. The only practical knowledge of the effects 
of anaemia and hyperaemia of the cord, is, that they seem capable of 
causing such disturbance of the sensory structures as reveals itself in sub- 
jective sensations of tingling, pins and needles, and the like, and per- 
haps also some impairment of motor conduction. A large number of 
authorities here and abroad are sceptical as to the existence of such a 
condition as "reflex paralysis," i.e., a paralysis due to the effect on the 
centre of some peripheral irritation, disappearing when this was re- 
moved. Although our modern knowledge of the various phenomena of 
inhibition and reflex action renders such a paralysis A priori even proba- 
ble, it is certain that the theory has been extensively misapplied. 
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Spinal Meningitis. — The object of thia lecture has been to explain 
the principles of the diagnosis of diseases of the cord itself. But it may 
be well to allude briefly to the diagnosis of spinal meningitis. Of acute 
meningitis I need say little. The acuta symptoms, spinal pain, and 
severe spasms, are well known. Chronic spinal meningitis, however, is a 
disease regarding wliich current opinion has curiously changed during 
the last fifteen years. A large number of symptoms were assigned to 

^ chronic meningitis which we now know have nothing to do with tl 

pathological state. I have mentioned that to it the symptoms of wei 
noss with chronic spasm, "spasmodic paraplegia," were ascribed. But 
we now know that these' are due to alterations within the cord, and are 
independent of any meningitis. The only symptoms which are usually 
due to this condition are those which result from the involvement of the 
nerve-roots in their passage through the diseased membrane. The roots are 
irritated by the adjacent inflammation. The meninges frequently become 
much thickened, and by this thickening the nerve-roots are often greatly 
j damaged. The irritation affects first the sensory roots, causing " excen- 

tric " pains and hypenesthesia, to which are often added areas of anes- 
thesia here and there, due to the greater damage of some nerve-roots. 
The affection of the motor roots causes symptoms similar to those of dis- 
ease of the anterior cornua, but very irregular in distribution. The peri- 
pheral motor nerve-fibres, cut off from their motor cells, degenerate, 
, and the muscular fibres waste, and present electrical reactions which 

\ vary according to the rapidity of the morbid process. Sometimes ( 

nutrition of the skin suffers. There is frequently, in addition, pain 
the back, from the lumbar to the cervical region, sometimes severe 1 
tween the shoulders, and accompanied sometimes with rigidity of tl 
I vertebral muscles. 

1 The chief conditions with which chronic spinal meningitis may 

I confoonded are posterior sclerosis (locomotor ataxy) in which tlie et 

P sory nerve-roots are implicated, and anterior cornual degeneration (pro- 

gressive muscular atrophy). From the former it is distinguished by the 
absence of ataxy, from the latter by the irregular distribution of the 
symptoms, and from both by the existence of limited areas of ancesthesia, 
and of extensive spinal pain. It must be remembered that inflammation 
' often affects the substance of the cord as well as the meninges, or the ^^1 

I cord may be pressed upon by the thickened membranes, and so mize^^^f 

I symptoms may result. ^^^H 
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A word on the subject of the nomenclature of diseases of the spinal 
cord. If we wish to obtain clear ideas, it is essential to use terms, where 
we can, which shall be pathological, and which shall be at once simple 
and descriptive. To obtain these, we must avoid the error, too common, 
of striving after extreme brevity. Names of morbid states, the mean- 
ing of which is obvious, are, even if somewhat longer, to be preferred to 
shorter expressions, the meaning of which is obscure. We are apt to asso- 
ciate with brief obscure names the idea of definite diseases. But if we 
would gain and convey exact ideas of the diseases of the spinal cord, we 
must endeavor to substitute the idea of morbid processes for that of 
definite diseases. 

A simple and convenient system of terminology lies close to hand. 
We have in the spinal cord, the two comua of gray matter and the 
three columns, lateral, anterior, and posterior. In each of these situa- 
tions the various morbid processes already described may occur, and we 
have only to combine the terms indicating the place and the lesion to 
have a system of terminology already partly in use, and which will alto- 
gether suffice for our present needs. Thus we may have a columnar or 
a comual myelitis, haemorrhage, sclerosis, degeneration, or growth. 
We may have, for instance, an '^anterior comual myelitis,^' or, for 
shortness (since we cannot yet diagnose posterior cornual diseases), a 
''comual myelitis;'^ or we may have a cornual degeneration. For an- 
terior comual myelitis, the term " tephro-myelitis '^ has been proposed 
by Charcot, and " anterior polio-myelitis '^ by Kussmaul. The latter 
term has obtained wide currency, but its meaning is much less obvious 
than that of " anterior cornual myelitis. ^^ The simpler system of nomen- 
clature I have employed throughout this lecture, and it has probably 
been readily intelligible, although unexplained. 

v.— THE DISTINCTION OF FUNCTIONAL AND OR- 

GANIC DISEASE. 

No term is more loosely used in medical writings than " functional 
disease. '^ It is commonly employed, in regard to the nervous system, 
as a designation for those affections in which no morbid changes have 
been hitherto discovered, even with the microscope, and from which 
recovery is possible. Unfortunately, we have no other general term for 
these cases, and it is to be regretted that we are compelled to make a 
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positive term coanote negative characteriBticB. Strictly 
iuuctional disease is one which conexBta in a disorder of function without 
any preceding alteration of nutrition. The affections of the nervous 
Bystem which can be included under this definition are very few. Most 
of the esamples of purely functional disturbance of one part are the re- 
sult of disease in some other part of the nervous syBtem. Id most cases 
of so-called functional disease, we must assume changes in nntritii 
In some, these changes are probably primary; in others tiiey may 
secondary to the disturbance of function. 



V w» 



Hysteria is the most frequent cause of symptoms that are within 
range of the spinal functions, and not due to organic disease. Hyat 
cal Bymptoms of spinal type usually have the form of loss of power 
the legs, "hysterical paraplegia;" and one of the most frequent pi 
lems in diagnosis is the distinction of this from organic disease, 
more than one morbid condition ia included under the term " hysteri- 
cal paraplegia." In the most characteristic form of the disease there is 
not any affection, even functional, of the spinal cord. There is loss of 
power over the legs, becauae there is in relation to the legs the peculiar 
ungeared state of the volitional centres, which is at the root of all pure 
hysteric palsy. There is no disturbance of the central functions of 
the cord. Reflex action from the akin, and my'otatic irritability, are 
normal. The muscles do not waste, although they may become some- 
what flabby from disuse. Retention of urine may occur, but there 
never incontinence, nor is there any affection of the sphincter ani. Sen- 
sation on the legs is almost always normal. Thus, all objective indit 
tions of an affection of the cord are absent. It is necessary to establ 
this negative fact before any weight can be allowed to the positive lui 
cations of the hysterical nature of the case. These are rather suggesti 
indications than positive symptoms. One of them is the presence or 
history of other unequivocal symptoms of hysteria, globus, loss of 
voice, hysteroid convulsions, and the like. Another is the mode of on- 
set. Hysterical paraplegia ia often excited by some emotional shock, 
Buch as an alarm. But it rarely cornea on instantly, or reaches a high 
degree in an hour or two, except when it immediately follows a se- 
vere emotional shock. Usually its development occupies several days 
ieks, and it ia often preceded by occasional attacks of momentary 
weakness in the lege. When a considerable degree of weakness comes 
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on quite suddenly there have been usually such preceding transient 
attacks of slighter loss of power. A third indication is derived from 
the character of the weakness. It is very rarely absolute. Some power 
usually remains. The patient can move the legs^ but cannot stand. 
Moreover, there are two peculiarities in the manner in which the legs 
are moved which are, perhaps, more significant than any other positive 
symptom. But the full power which can be exerted is not put forth 
at once. By continued effort and repeated urging much more force can 
be evoked ultimately than at first. Thus the patient, lying in bed, is 
told to raise the foot. She does so, slowly, for about six inches, and 
says she cannot get it any higher. Nevertheless she holds it there, and 
if urged ultimately raises it higher, a foot or eighteen inches from the 
couch. The second is that if the patient tries to exert force with a given 
group of muscles, the opponents of those muscles are put in action at 
the same time and in undue degree. Thus, if the knee is fiexed, and 
the patient is told to try to extend it, the fiexors are put in action, as 
well as the extensors, and prevent the movement. Besistance to pas- 
sive movement is often hesitating and jerky. Occasionally a move- 
ment, at first steady, becomes modified, in a few minutes, by tremor, 
usually quick but variable, now fine, now coarser, and with quick sud- 
den jerks. It has been mistaken for the spasm of disseminated sclero- 
sis, but differs in not being uniformly wild and irregular. The tendency 
to contract other muscles than those which effect the desired move- 
ment, is often associated with an inability to relax the muscles volun- 
tarily. This may prevent the knee-jerk being obtained. The fiexors 
of the knee conti*act and prevent any movement when the patellar ten- 
don is struck. I believe that it is this, and this alone, which has led to 
the assertion that the knee-jerk is sometimes lost in hysterical paraple- 
gia, or that it varies, and can be obtained at one time and not at another. 
There is rarely anaasthesia. These several indications are separately of 
little significance; they derive value from their combination. 

In another class of cases there is, in addition to the above symptoms, 
distinct indication of slight disturbance of the functions of the spinal 
cord itself. There is spinal tenderness, apparently due to a neuralgic 
state of the spinal membranes or ligaments. Pain in and about the 
spine is often complained of, and is increased by movement, but it is 
never unilateral, passing round one-half of the trunk, as in organic dis- 
ease. There is a slight increase of myotatic irritability in the legs. 
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The knee-jerk is exceaaive; the rectus contraction can readily be pi 
duced by tapping the depressed patella. The front-tap contraction in 
the gastrocnemius may be obtained, and a " spurious foot-clonus " may 
occur when the ankle is passively fleied. This spurious clonus results, 
as already described (p. 833) from a voluntary and variable contraction in 
the calf muscles. There is never a regular persistent clonus, except 
when there is persistent hysterical contracture (to be presently de- 
scribed), a much rarer condition in hysterical paraplegia than in hys- 
terical hemiplegia. 

This morbid state of the central functions of the cord is probably, in 
Borae cases at least, the result of the complex combination of neuro- 
pathic tendencies, which is called hysteria. The clinical history of this 
disease affords many examples of the affection of lower centres, excited 
by emotional causes, but running a course to a considerable extent inde- 
pendent. Nutritional changes doubtless follow the disturbed function, 
and one case recorded by Charcot suggests that, after years, the ciianges 
in nutrition may attain the degree of visible structural alterations. But 
in many cases of hysterical paraplegia the change in nutrition is to a 
large extent, often altogether, removable by judicious treatment directed 
to the strengthening of the will, improvement of physical health, and 
the removal of the irritable state of the spinal cord. 

In other cases the disturbance of the cord has an independent origin. 
Many weakly women, who are not hysterical, suffer from symptoms 
which indicate slight impaired action of the cord. They are bad walk- 
ers, soon tire, and when tired suffer pain in the spine. The muscles of 
the legs are flabby, sometimes very thin; the knee-jerk is excessive. 
This condition is often left after prostrating diseases, such as typhoid 
fever, repeated child-bearing, prolonged anasmia from any cause, and 
may be permanent. If such women are, or become, the subjects of hys- 
teria, the spinal weakness determines the direction in which symptoms 
develop tiiat are of ideal origin. It is often difficult to distinguish these 
cases from those last described. I believe, however, that those in which 
the disturbance of the central function of the cord is secondary to hys- 
teria are for less common than those in which slight spinal weakness or 
pain in the back precedes the hysterical disturbance and determines it, 
and may endure aft^r the volitional defect is removed. Often both 
be due to a common cause, which impairs general health and lo' 
nervous tone. 
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These cases, in which yolitional defect is combined with slight over- 
action of the spinal centres, give rise to considerable diagnostic diffi- 
culty, unless the complexity of the pathological condition is duly recog- 
nized. 

In cases in which there is rigidity of the legs, the question arises 
whether there is true spasm or hysterical contracture. The problem is 
the more difficult, because in each condition the limbs are usually 
extended, and in each there may be a distinct foot-clonus. This may be 
developed in hysterical contracture, as it is in health when the calf -mus- 
cles are long contracted. But in the vast majority of cases attention 
to the following points will decide without difficulty the nature of the 
case. In hysterical contracture the muscular spasm is greatest at the 
extremity of the limb. The ankle-joint is extended, so that the dorsum 
of the foot is in the line of the tibia, and the foot is usually inverted. 
Any attempt to alter the position is resisted, and if the contracture is 
partially overcome the rigidity continues. It can be ultimately over- 
•come, but considerable pain is produced. The contraction is constant. 
In spastic paraplegia the spasm is equal throughout the limb, or even 
greater at the proximal extremity. The effect is to fix both legs to the 
pelvis, so that if one is lifted the other is moved with it. The spasm is 
variable; at times it is slight, at others violent. It is excited by peri- 
pheral irritation. It is not only extensor in character, but is almost ex- 
clusively extensor. When the limbs are flexed they are supple, but as 
fioon as they are extended they become rigid. If the ankle-joint is in 
extension, it is in consequence of actual shortening of the calf -muscles, 
which cannot be overcome. A clonus is usually obtained without diffi- 
culty, and is uniform. It is best obtained when the spasm is least. In hys- 
terical contracture the clonus is usually variable, and best marked when 
the contracture is greatest. The attacks of so-called " spinal epilepsy,^' 
jfirst tonic and then clonic spasm, excited by peripheral impressions, 
occur only in organic disease. 

Hysterical symptoms are notoriously greatest when the patient is 

under examination. The patient walks best when she is unaware that 

she is being watched. The more attention is paid to a given symptom, 

by the patient or others, the greater it is. Under the influence of a 

strong motive, actions can be performed that cannot be effected by a 

Bimple volitional effort. Strong faradization, for instance, may make 

an hysterical patient move her leg when she cannot be made to move it 

18 
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by a voluntary efEort. Care ninat be taken, however, not to miataka 
reflex for a voluntary movement. Such a mietake frequently leads to 
error in diagnosis. In many cases of paraplegia, from disease of the 
dorsal cord, with entire loss of voluntary movement, a painful cutaneous 
impression will cause a flexion of the hip-joint, by which the leg is 
drawn up, closely resembling a voluntary movement. The observer 
must satisfy himself as to the character of the movement before 
allows it to influence his diagnosis. 

Other forms of so-called "functional paraplegia" are rare, 
most frequent causes are sexual excess and some morbid blood 
especially chronic alcoholism and gout. The loss of power is 
absolute, rarely Buch aa to prevent the patient walking, and varies 
time to time. The legs "feel heavy;" they are readily fatigued, and 
are often the seat of abnormal sensations, tingling, formication, and the 
like. Sensation, reflex action, and myotatic irritability are all normal. 
The symptoms occur chiefly in adults and in males. The absence of 
indications of organic disease, the variations in the symptoms, and 
recognition of the cause, usually render an accurate diagnosis practical 
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ri.— ILLUSTRATIONS OF DIAQJfOSIS. 



The following illustrations may render clearer the application of 
methods of diagnosis. I will take, first, two cases in which the pat! 
logical diagnosis presented no difficulty, since both were cases of frac- 
tured spine, and complete paralysis of the legs occun-ed immediately on 
the accident, indicating direct damage to the cord by the displaced bone. 

(1.) In the one case, that of a sailor, there was no irregularity of the 
spines to guide ua as to the position of the injury, but this was clear 
enough from the symptoms. The legs were completely paralyzed, and 
all the muscles, when the patient came under observation, some months 
after the injury, were greatly wasted, faradaic irritability being exti] 
This proved complete degeneration of the motor nerves arising from 
lumbar enlargement. Sorea had formed on the limbs and sacrum, i 
dicating damage to the nerves which influence the nutrition of the skin. 
Sensation was at first lost, but afterwards returned as hypersesthesia — 
suggesting initial damage and partial recovery of the nerves or tracts 
conveying sensation. The sphincters were powerless, and their condi- 
tion was such as to Indicate damage to, or separation from, their centres 
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in the cord (see p. 243). From these symptomB we inferred damage by 
compreaaioo of the lower part of the lamhar enlargement, and of the 
nerves passing it. But what waa the state of the dorsal region of the ' 
cord ? Sensation above the groins was normal, but this does not exclade 
slight damage to the cord, since the impairment of sensation caused by 
slight damage may soon pass away. Here it was that the superficial 
trunk reflexes assisted us. We found that the epigastric reflex and 
the abdominal refles were perfectly natural on each side, eyen in 
the lower part of the abdomen. The cremasteric reflex, however, was 
active on the right side, absent on the left; so that we had evidence that 
the dorsal cord was normal, and that the damage commenced at the Ist 
lumbar nerve, where the reflex loops were damaged on the left side and 
normal on the right, and that just below this point the damage was 
great. The patient died, and the autopsy revealed exactly the condition 
which had been diagnosed. The dorsal cord was uninjnred, and so was 
the bigheat part of the lumbar enlargement; while its lower portion was 
split in two by a fracture, with displacement, of the Ist Inmbar vertebra, 
which had also compressed the nerve-roots. Microscopical examination 
revealed, also, slighter mischief in the cord, extending as far as the 
upper part of the lumbar enlargement. 



(3.) The other case is that of a girl, a patient in University College 
Hospital under the care of Mr. Heath. She fell off a house-top and be- 
came at once paraplegic. There were indications of damage to the bones 
about the 10th dorsal vertebra. The legs wei'e completely paralyzed ; 
but there was only slight wasting, the faradaic irritability of the muscles 
being preserved, although lowered ; and reflex action was preserved. 
Hence it was inferred that the motor nerves were undegeaerated, that 
the lumbar anterior comua were not directly damaged, that the reflex 
loops were entire; in short, that the damage to the cord was at or above 
the highest part of the lumbar enlargement. There was loss of sensi- 
bility to pain in the legs, that to touch being perfect. Hence we in- 
ferred that the destruction of the cord was incomplete. This loss 
extended as high as the epigastrium — evidence of some damage to the 
cord as high as the origin of the 8th dorsal nerves. This was corrobo- 
rated by the condition of the superficial reflexes of the trunk : the ab- 
dominal was lost on both sides; the epigastric was lost on the right side, 
1 the left, indicating clearly the highest level of damage. 
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Thus there was evidence of affection of the cord from the origin rffl 

the 8th to that of the 11th dorsal pairs; but the symptoma did not show 
whether the damage was equal throughont this region. This informa- 
tion waa, however, supplied by an examination of the faradaic irritability 
of the abdominal muscles. Above the umbilicus there was normal irrita- 
bility; below the umbiliciia it was gone— i.e., the motor fibres of the 
9th pair were undegeuerated, their anterior coruua were undamaged, the 
fibres of the 10th pair, perhaps also the 11th pair, were degenerated, 
and the corresponding eornua probably damaged. As the lumbar en- 
largement was not directly damaged, we were able thus to limit with 
precision the considerable damage to the cord to the origin of the 10th, 
or lOtb and 11th pairs. The loss of the epigastric reflex on the right 
side indicated that the damage to the cord on that side was greater than 
on the left. The subsequent progress of the case showed the significance 
of these indications. A month later the epigastric reflex returned on 
the right side, an indication of commencing recovery in the upper part 
of the damaged region. A few weeks later she gained some power of 
moving the left leg, but the refles action became escessive in botli legs, 
and the foot-clonus could be obtained. Jfow, four months after the 
injury, the abdominal reflexes are returning ; a slight reflex can be ob- 
tained just above the groin, and above the umbilicus ; none at or just 
below the umbilicus.' 

In both these cases, thus, the information conveyed by the trunk 
flexes was most important. 
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(3.) A man, aged twenty-eight, had suffered from weakness of the 
legs for more than two years. He waa able to walk leaning forwards 
upon his sticks. His arms were unafEected. He could jnat flex the 
hips and extend the knees, but could not flex tJie knees, and scarcely 
the ankles. The right leg was the weaker. The legs were well 
nourished. Even as he entered the room, the clonic spasm at 
the ankle-joint, as the calf-muscles were put on the stretch, was 
conspicuous, and it was found that the knee-jerk was in great excoas, 
and the foot-clonus could be obtained by the slightest pressure 
against the solea. A slight peripheral impression caused rigid spasm 
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' Fifteen montlis after the nccident, the left leg haa rt-gained conaiderabte 
power: the right remaiaa paralyzed. The muscle-reflex irritabtlitr has inoreaaeii 
to Bpaam. 
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succeeded by clonic contraction as the stronger spasm passed lessened 
(spinal epilepsy, see p. 249). Thus the loss of power showed interruption to 
the motor path somewhere below the cervical enlargement. The preser- 
vation of the myotatic contractions, and the absence of wasting in the legs, 
showed the integrity of the lumbar reflex loops and gray matter, while the 
intensification of these contractions pointed to such over-action of the reflex 
centres as accompanies descending degeneration in the lateral columns. 

The next point was to search for any evidence of mischief beyond the 
motor tract. This was found in the fact that sensation to pain in 
the legs was perverted: the pain of a prick was fell;, but in an abnormal 
manner. Sensation to touch was normal. Thus it was evident that 
somewhere the sensory tract also was interfered with to a slight degree. 
The same fact was indicated by a sense of constriction around the ab- 
domen. The two symptoms pointed to a lesion extending beyond the 
motor tracts, i.e., to a focal lesion, and the fact that the sense of con- 
striction was around the lower part of the abdomen made it probable 
that the lesion was in the lower part of the dorsal region. The cuta- 
neous reflexes of the trunk were then examined. On the left side the 
epigastric reflex and the abdominal reflex above the umbilicus were very 
active. Just below the level of the umbilicus the abdominal reflex was 
much lessened, and midway between the umbilicus and groin could not 
be obtained. On approaching Poupart^s ligament it was again produced, 
and an impression here caused reflex flexion of the hip. Behind, the 
left dorsal reflex was active, the lumbar absent. On the right side, how- 
ever, the abdominal reflex was extremely slight throughout, and the epi- 
gastric reflex could not be produced (although so active on the left side), 
and no lower dorsal or lumbar reflex was obtainable. Thus the reflex 
phenomena pointed to a very limited lesion on the left side, at the level 
of origin of the 11th dorsal nerve, while on the right side the more ex- 
tensive loss indicated more extensive mischief in the right half of the 
lower dorsal cord, corresponding to the greater weakness of the right 
leg. This affection of the reflex in the left side corresponded to the 
position of the constricting band around the lower part of the abdomen. 
What was the nature of the lesion ? Its onset was very gradual ; the 
commencement was by a sensation of '^numbness,'' followed, eight 
months later, by weakness. This extreme slowness pointed to degenera- 
tive changes — ^local '' sclerosis. '^ There was no bone disease, no history 
of syphilis; but the patient had been much exposed to wet two months 
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before the onset, and we have seen that degenerative changes sometiradjlipf 
result from this cause, 

{4.) A man, aged forty-eight, eame under treatment for weakness in 
the right leg, chiefly marked in the movementa of the foot. The cor- 
responding arm was unaffected. Thus there was impairment of the 
motor conducting tract (lateral column) on the right side, somewhere 
below the cervical enlargement. Sensation was unimpaired; the sen- 
sory tract, therefore, undamaged. The nutrition of the legs was good; 
the plantar reflex ready and equal; the knee-jerk excessive in each leg; 
the foot clonns and front-tap contraction obtainable in each. Hence 
the reflex loops and gray matter of the chief part of the lumbar enlarge- 
ment were intact; the excess showed that there was probably lateral 
sclerosis descending from a lesion above, and that this existed on the 
left side as well as on the right. The lesion was thus evidently some- 
where in the dorsal region of the cord. To learn its seat further, the 
higher superficial reflexes were examined. The cremaater reflex was 
distinct on the left aide, not to be obtained on the right. The abdomi- 
nal reflex was normal on the left side, but on the right it could not be 
obtained except just below the edge of the ribs. The epigastric reflex, 
excited from the side of the cheat, was distinct on each side — as rea- 
dily excited on the right side as on the left. Hence we had evidence, 
from the impairment of the reflex loops, that the cord was damaged on 
the right side, from the 8th dorsal nerve to the Ist lumbar. The excess 
of the myotatic irritability iu the left leg suggests that the mischief had 
implicated slightly the left half of the cord, so as to lead to some descend- 
ing degeneration, although not to any loss of the cutaneous reflexes. 
It is possible, however, that the descending degeneration in the left side 
of the lumbar enlargement, may have been due to the damage of fibres 
of the direct pyramidal tract on the right side, before their docussation 
to the left side. 

So much for the anatomical diagnosis. The affection had come 
acutely. In nine hours from the first symptom the leg was powerleaa,, 
and it was five months before it recovered. The " acute " onset points 
to either a vascular lesion or inflammation. Oausal indications were ob- 
Bcure. The man attributed his symptoms to a severe strain three 
days before, which he stated also caused "ulcerated bowels." The wide 
extent of the lesiou in the right side of the cord, and its acute but uob 
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instantaneous onset, suggests the probability of a myelitis, not severe 
in degree, although acute in onset, rather than of haemorrhage. 

(5.) A young man, aged twenty-two, presented himself with weak- 
ness, wasting, ajid deformity of the left forearm. The muscles of the 
shoulder were normal. The upper arm muscles were rather smaller than 
those of the right side, but were of fair size and nutrition. The mus- 
<5les of the forearm were greatly wasted, except the radial extensor of the 
wrist; the muscles of the thumb and little finger were much wasted, the 
interossei only slightly. The wasted muscles had lost f aradaic and voltaic 
irritability, the condition being of- long standing, and the muscular fibres 
probably totally degenerated. Sensation was perfect. The leg was not 
quite so strong as the other;, nutrition normal; the myotatic irritability 
excessive in each leg; knee-jerk increased, and foot-clonus and front-tap 
■contraction obtainable. Thus, we had evidence, from the muscular 
wasting, of a limited lesion in the left anterior cornu in the lower part 
•of the cervical enlargement; from the impaired power in the leg, of 
slight damage to the motor tract for the leg; and from the excess of the 
myotatic contractions, of degeneration in the pyramidal tracts descend- 
ing from above. 

What was the nature of the lesion ? Its onset was sudden, nine years 
l^ef ore. One morning he suddenly felt a pain in the back of his neck, 
ihen he found his arms and legs becoming weak, and this increased so 
rapidly, that in half an hour or so he was unable to move any limb, but 
there was no noticeable loss of sensation. Thus he lay for three weeks, 
and then the right arm began to regain power, next the right leg, and 
then the left leg, so that in two months he could walk. The wasting in 
the muscles of the left arm was very rapid. There was no causal indica- 
tion. Thus there was a lesion of sudden onset, and therefore primarily 
vascular — ^thrombosis or hemorrhage — at first affecting a wide transverse 
area of the cord, and impairing all its functions at the spot, except con- 
duction of sensation. The part slightly damaged soon recovered, but 
there remained an area of considerable damage in the left anterior 
cornu, and of slighter damage in the adjacent conducting tract to the 
leg. The focus of disease was no doubt the seat of the primary lesion; 
probably a local extravasation interfering with the opposite side of the 
<5ord by pressure. 
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6.) The following case is somewhat complex in its indications, ball 
inatructive as affording an illustration of the diagnosis of chronic men- 
ingitis. For an opportunity of seeing the patient, I am indebted to Dr. 
Russell, of Birmingham, 

A man, aged forty-seven, complained of weakness of the legs, which 
I' was f oand, on examination, to be of irregular distribution. In both legs 
the muscles moving the hip-joint poBsessed good power. The flexors and 
extensors of the knee-joint were strong in the right, but very weak in the 
left leg. The flexors of the ankle in the left leg were rather weak, in the 
right wer^ powerless; the extenaora of the ankle were weak in both legs, 
but much weaker in the right than in the left. The muscles were wasted, 
and had lost faradaic irritability in proportion to their weakness, the 

■ Toltaic irritability being preserved. The wasting was greatest in the ex- 
I tensors of the left knee, and flexors of the right ankle. In the latter 
I faradaic irritability was gone. Sensation was norma!, except in an area 
r in the front of the left leg, where it waa absolutely lost to both touch 
I and pain. Plantar reflex normal; no foot-clonus; knee-jerk slight in the 
I right leg, absent in the left. 

The affection of nutrition and electrical irritability indicated disease 

nthe anterior cornua, or in the motor nerves springing from them. By 

Jthia the impairment of the knee-j'oint was also explained. The weakness 

■ was in proportion to the wasting; hence there was no reason to infer 
other disease than that interfering with nutrition. The diagnosis tbua 
lay between a primary comual disease, and damage to the nerve-roots by 
meningeal changes. The patch of an^atheaia in the left leg was in- 

- favor of the latter. It is rare that anterior cornual disease impairs sen- 

\ aation. 

The mode of onset was then investigated to ascertain what light the 

[■ order of the symptoms would throw on the seat, and their rapidity of de- 
velopment on the nature of the disease. The first symptoms commenced 

I nine months before, and were sensory; soreness in the left leg, followed 
by shooting pains, aometimes in the big toe, sometimes in the calf, but 
confined to the left leg; these lasted for two months, and during that 

I time the leg gradually got weak. After this similar pains were felt in 

I the right leg, and this also became weak. 

Pains of this darting character are usually due to irritation of the 

! sensory nerve-roota; they are similar to those met with in locomotor 

L fttaxy, and are almost unknown in affections of the anterior cornua. 
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These pains, in conjunction with the patch of anaesthesia, rendered it. 
highly probable that the mischief was outside the cord in the meninges. 
— chronic meningitis with thickening, the nerve-roots being irregularly 
damaged by irritation and compression. Hence a careful search was 
made to ascertain if there were any trunk symptoms, throwing light on 
the disease. Inquiry elicited a history of shooting pains on the right 
side of the trunk, at the level of the epigastrium, with a unilateral sense 
of constriction. Some local hypersBsthesia was found, but no anaesthcr^ 
sia. This also pointed to local irritation of the posterior nerve-roots, 
higher up — ^to irregular meningeal irritation. 

The causal influences were then ascertained. N" o immediate cause, 
could be ascribed except general bad health. Chronic meningitis is. 
most frequently due to bone disease or syphilis. There was no evi- 
dence of bone disease, but the patient had had a chancre twenty years^ 
before. 

Thus the motor symptoms indicated either comual or meningeal dis- 
ease; the sensory symptoms pointed strongly to the latter, and the causal 
conditions, as far as they went, harmonized with the view. (The patient 
had had some sugar in the urine, which, except for rendering the prog- 
nosis worse, had little apparent bearing on the case.) He had taken 
iodide for a time, but without improvement. This did not, however, 
militate against the diagnosis for the following reason: — The meningeal, 
change, though probably syphilitic, had caused damage to the nerves, 
which, descending as degeneration, had led to secondary changes in thfr 
muscles. The removal of the syphilitic change in the membranes wouli 
not at once restore the nerves. Their regeneration, if still possible, 
would be, of necessity, a work of time, perhaps of more time than had 
yet been allowed. Hence the patient was urged to persevere with the 
iodide, and mercury was added to it, and he was advised to continue the: 
use of a voltaic battery to the muscles. A month later there was slight 
but distinct increase of power in the left thigh. I did not see him again,, 
but a year later he was seen, incidentally, by Dr. Eussell, who has been 
good enough to inform me that the man then said he was, and ap- 
peared to be, perfectly well. The result thus affords a strong confirma- 
tion of the diagnosis. 
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The figures represent some of the more important lesionB of the 
spinal cord. Although semi-diagrammatic, they have, with one excep- 
tion, been drawn, with care, from actual sections. The exception ia 
I"ig. 2, which is after Charcot. It may be well to state, for tlie infor- 
mation of those unfamiliar with the proceaa of microscopical examina- 
tion of the nerve-centres, that when a section of the spinal cord is 
stained with carmine, the tint assumed by the different parts varies, 
and conveys important information. The gray substance stains much 
more deeply than the white, and the nerve-cells more deeply than the 
inter-cellular gray substance. Hence the gray matter appears like an 
H-shaped rose-colored area, in which the nerve-cella appear of a much 
deeper red. The white substance of the nerve-fibrea does not stain, and 
although the axis-cylinders stain, they are not sufficient in bulk to give 
much color to the white columns. Connective tissue, however, stains 
very deeply, and the edge of the section (pia mater) is thus deep red, 
and so are the trabeculse of connective tissue which extend into the white 
anbstance. Since the process of sclerosis consists in an atrophy of the 
nerve-fibres, and an increase in the connective tissue, areas so affected 
stain deeply in proportion to the intensity of the change, and its exist- 
ence and degree may thus be rendered conspicuous even to the naked 
eye. The relative tint of the figures is nearly that of the sections from 
■which they were dra^vn, all of which were stained with carmine. The 
letters indicating corresponding parts are the same in all the figures. 

Pig. 1. Descending Degeneration, unilateral. — Section of spinal 
cord, cervical region, from a case of left hemiplegia due to disease of 
the right cerebral hemisphere. The two pyramidal tracts are degen- 
erated, viz., the small "anterior pyramidal tract" («), close to the ante- 
rior median Assure, on the right aide of the cord; and the " lateral 
pyramidal tract " (S) in the opposite lateral column. This degenerated 
tract is seen not to extend up to the surface, being bounded by the 
Bo-called " cerebellar tract." (Seep. 214.) 

Flo. 2, Descending Degeneration, bilateral. — Section of spinal cord, 
dorsal region, below a point damaged by compression. Both lateral 
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pyramida! tracts (65) are degenerated. There is no degeneration in the i 
anterior pyramidal tracts, which had probably ceased (by decuseatioii) i 
above the level of the section, or may have been absent. 

Fig. 3. Ascending Degeneration. — Section of spinal cord in dorsal 
region, from a case in which the lower extremity of the cord was 
crushed by a fracture of the spine. The postero-median columns (c) are 
densely sclerosed. The postero-external columns (rf) are quite free from 
sclerosis. The pyramidal tracts in the lateral columns are seen to be 
also free from disease (compare Pigs. 3 and 3), but just in front of each ' 
is a symmetrical area of slight degeneration (e). (See p. 216.) 

FiQ. i. Posterior Sclerosis, Locomotor Ataxy, — Section at the level | 
of the first lumbar nerves. The posterior columns are densely sclerosed 
throughout their entire extent. The remaining white columns and 
anterior comua are healthy. 

Fig. 5. Schronis of Postero-external Column ( posterior root-zone). 
Locomotor Ataxy (from a section prepared by Prof. Pierret, of Lyons). I 
— A dense band of sclerosis occnpies the postero-estemal column (d), 
through which the posterior nerve-roots pass. The postero-median 
columns (c) are free from sclerosis. The bands of sclerosis are narrow, 
probably from the contraction of the tissue, since, from the position of 
the limiting septum, they appear to occupy the entire width of this 
column. The patient suffered from well-marked locomotor ataxy. 

Fia, 6, Syphilitic Growth in Posterior Column. — Section through 
the spinal cord, cervical region, of a man who died from syphilitic dis- 
ease of the brain. A growth (/) occupies the right postero-external 
column, and has enlarged it to three times the normal size, displacing 
the posterior median septum to the left. The growth has invaded the 
right posterior corau, and extended a little way beyond it into the 
lateral column. It caused inco-ordination, and partial loss of sensi- 
bility, in the right arm. 

Fig. 7. Anterior Cornual Degeneration, — Section of spinal cord, I 
•cervical region, from a patient suffering from progressive mnscular ] 
atrophy. The gray substance of the anterior eornua is degenerated and 
irregularly translucent, the nerve-cells having disappeared (compare also 
Figs. 9 and 10). The lateral columns (pyramidal tracts) are also scle- 
rosed. The posterior columns are healthy. 

Fig, 8. Anterior Cornual Myelitis (Infantile Paralysis), — Section 
of spinal cord, lumbar enlargement, from a case of old infantile paraly- 
sis of the left leg. The whole left half of the cord is smaller than the 
right. The left anterior cornu is shrunken, and presents evidence of 
previous inflammation. The tissue is degenerated and translucent, con- 
taining large vessels. All the motor nerve-cells, so conspicuous on the 
■other side, have disappeared. 
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Pig. 9. — ^^ormal anterior comu, cervical region, showing nnmeroaa 
multipolar nerve-cells. 

Pig. 10. — ^Anterior comu, same position, from a case of progressive 
muscular atrophy. All the nerve-cells have disappeared; minute 
shrunken corpuscles here and there are probably their remains. The 
gray matrix, instead of being uniform, is irregular, translucent at some 
spots, unduly dense, from sclerosis, at others, especially near the edge 
of the comu. 
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Abducens nerve, 27 

(See also sixth Nerve) 
Abductor paralysis of vocal cords, 87 
paralysis in hysteria, 203 
paralysis (See also Larynx) 
Abscess of brain, 173 

of brain, symptoms of, 196 
Accommodation, centre for, 26 

loss of, 78 
Acute lesions, 176, 191 
Adductor paralysis of vocal cords, 88 
paralysis (See also Larynx) 
Age, diagnostic significance, 178, 263 
in sudden lesions, 178 
in chronic lesions, 185 
Albuminuria from brain disease, 135 

significance of, 181 
Albuminuric retinitis, 99, 139 
Alcoholic delirium, 100 

poisoning, diagnosis from 
apoplexy, 99 
Alternate hemiplegia, 50 
Amaurosis, sudden, 99 
Amblyopia, causes, 65 

crossed, 19, 61 
Amnesia (See Memory) 

verbal, 110, 116 
Anaemia, local, of brain, 39 

pernicious, hemorrhage in, 
183 
Anaesthesia, 218 
Analgesia, 218 
Anatomical diagnosis, 250 
Anatomy, medical, of the spinal cord, 

210 
Aneurism, intracranial, 162 

intracranial, symptoms, 197 
miliary, 162 
retinal, 140 



Ankle-clonus, 224 
Aphasia, 62, 109 

amnesic, 116 
in migraine, 62 
motor. 111 
sensory, 116 
Aphonia, hysterical, 89 

diagnosis of, 203 
Apoplexy, 96 

diagnosis, 97 
ingravescent, 96, 178 
serous, 96 
significance, 177 
simple, 96 
temperature in, 96 
Arterial tension, significance, 180 
degeneration, 181 
degeneration (See also Athe- 
roma) 
Arteries of the brain, 33 
atheroma of, 163 
syphilitic disease of, 163 
Articulation, affections of, 91 

relation to speech, 105 
symptoms in, 188 
Atheroma, 163 

causing thr jmbosis, 165 
softening from, 166 
softening from, symptoms 
of, 191 
Athetosis, 53 

Atrophy of auditory nerve, 84 
of olfactory nerve, 68 
of optic nerve, 65, 142 
Attention intensifying sensations, 102 
Auditory centres, 21 
nerves, 21 

nerves, irritation of, 84. 
nerves, nucleus of, 24 
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Auditory nerves, paralysis of, 88 
speech.processes, 106 
vertigo, 128 
Aural deafness, 88 
vertigo, 128 
Automatic movements, escape in hemi- 
plegia, 45 
speech, 108 
speech, preservation of, 111 

Basal ganglia, 80 

ganglia (See also Central ganglia) 
Base of brain, lesions in, 158 
Basilar artery, 85 

artery, symptoms of occlusion, 
190 
Brain, cells of, 2 

arteries of, 88 
circulation in, 82 
veins of, 86 

Bright's disease, diagnostic significance, 
181 

Bulbar nerves, 82 

paralysis, 98 
paralysis, acute, 154 
paralysis, chronic, 199 

Capsule, internal, 12 

internal, anterior portion of, 

28 
internal, symptoms of dis- 
ease, 150 
Cardiac centre, 23 
Caudate nucleus, 81 

nucleus (See also Corpus stria- 
tum) 
Causes, exciting, diagnostic indications 

of. 266 
Cells, nerve, diversity, 2 
nerve, in cortex, 7 
Central ganglia, 80 

ganglia, arteries of, 88 
Central region of cortex, 9 

region of cortex, symptoms of 
, disease in, 147 
Centre, use of term, 4 
motor, 9 
speech, 107 
Centrum ovale, 7 

ovale, symptoms of disease in, 
149 
Cephalic sensations, 124 



Cerebellar gait, 81, 154 
Cerebellum, arteries of, 85 

central ganglia, 80 
connection with cerefanim,. 

28 
functions, 81 

hemisphere, disease of, 149 
middle lobe, 81 
middle lobe, symptoms of 

disease of, 154 
middle peduncle, symp- 
toms of disease of, 154 
Cheyne-Stokes breathing, 95 
Chiasma, optic (See Optic nerve) 
Choked disc, 141 
Chronic lesions, 185 
Ciliary muscle, centre for, 26 

muscle (See also Accommoda- 
tion) 
Circulation in brain, 82 

in relation to that of eye,. 
142 
Clasp-knife rigidity, 248 
Clonus, 46 

Color-vision (See Vision) 
Columns, disease of antero-Iateral 

white, 250 
disease of posterior, 252 
Coma, 95 

hysterical, 98, 201 
ursBmic, 99 
Compensation, functional, 88 
Compression, symptoms due to, 89 
Conduction, motor, 217 

sensory, 217 
Congestion of brain, 161 

of brain, symptoms of, 189 
Congestive attacks in general paralysis,. 

184 
Conjugate deviation of head and eyes, 

46 
Consciousness, loss of, 94 

state in convulsions, 54 
Contracture, hysterical, 202 
Controlling functions, 287 
Convulsions, 58 

from anssmia, 40 

from disease of cortex, 14T 

general, 54 

hysteroid, 67, 208 

indicationB, 157 

local, 54 
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Convulsions, significance in diagnosis, 

184 
weakness after, 55 
Ck>nTolutions, 6 

arteries of, 83 
motor, 9 

motor, symptoms of dis- 
ease, 147 
Co-ordination of movement, 235 
Cord, columns of, 213 
cornua of, 212 
diagnosis of diseases of, 207 
fissures of, 212 
general structure, 212 
medical anatomy of, 2t0 
pathological physiology of, 217 
sections of, 213 
Cornua, disease of anterior, 253 
' Corpora geniculata, disease of, 150 
quadrigemina, 151 
Corpus striatum, 31 

striatum, connection with cere- 
bellum, 30 
striatum, symptoms of disease 
of, 149 
Cortex cerebri, 7 

motor region of, 9 
motor region, disease of, 147 
structure of, 7 
Cranial nerves (see Nerves, cranial) 
Crossed amblyopia, 19, 61 
Crossway, sensory, 14 
Cms cerebri, fibres in, 10 

cerebri, lesions of, 146, 151 

Deafness, 82 

bilateral, 84 
Decussation of optic nerves, 16 

of pyramids, 43 
DefsBcation and micturition, 242 
Degeneration and sclerosis, 259 
secondary, 3, 214 
Degenerative diseases, 198 
reaction, 239 
Deglutition, impairment of, 85 
in bulbar palsy, 93 
Delirium, 100 

expansive, 199 
with headache, 101 
Dentate nucleus, 32 
Deviation of eyes, conjugate, 46 
of eyes, primary, 72 



Deviation of eyes, secondary, 72 

Dii^gnosis, anatomical, 250 

illustrations of. 274 
of diseases of the cord, 20T 
of nature of lesion, 174 
of seat of lesion, 144 
pathological, 258 

Diagram of relation to spinal nerves of 
various functions of the cord, 257 

Diffuse functions, 38 
symptoms, 42 

Diplegia, 51 

Diplopia, 73 

Direct symptoms, 41 

Diseases of the cord, diagnosis of, 207 

Discharge, 40 

Disseminated sclerosis (see Sclerosis) 

Distinction of functional and organic 
disease, 200, 269 

Double vision, 73 

Ear, disease of, causing abscess of 
brain, 173 
disease causing deafness, 83 
disease causing loss of taste, 22 
disease causing purulent menin^ 
gitis, 193 
Electrical irritability in hemiplegia, 49 
irritability in facial paraly- 
sis, 80 
irritability in hysterical hem- 
iplegia, 202 
Electricity in diagnosis, 241 
Embolism, 165 

retinal, with cerebral, 182 
Emotion, expression of, 105 
Epilepsy after infantile hemiplegia, 168 

spinal, 249 
Epileptic coma, diagnosis from apo- 
plexy, 98 
Exciting causes of convulsions, 55 

causes of vomiting, 131 
Eye, changes in fundus, 136 

muscles, external, centres for, 27 
muscles, external, derangement 

in hysteria, 203 
muscles, external, paralysis of« 

72 
muscles, internal, centres for, 27 
muscles, internal, paralysis of, 78 
Eyes, associated movements, 77 
conjugate deviation, 46, 77 
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Tace, paralysis of, 80 

paralysis of, in hemiplegia, 4d» 60 
Facial nerve, origin, 25 

paralysis, 80 
Fibres, nerve, and nerve-cells, 4 
posterior horizontal. 26 
tortuous course of, 5 
Field of vision (see Vision) 
Fifth nerve, motor part, nucleus, 25 

nerve, motor part, paralysis of, 78 
nerve, sensory part, nuclei, 25 
nerve, sensory part, paralysis of, 

78 
nerve, sensory part, relation to 
taste, 22, 78 
Focal lesions, 250 

symptoms, 42 
Foot-clonus, 224, 231 
Forced movements, 57 
F'ourth nerves, 26 

nerves, paralysis of, 76, 77 
FYontal lobe, connection with cerebel- 
lum, 28 
lobe, symptoms of lesion, 147 
Fronto-cerebellar fibres, 28 
Front-tap contraction, 226 
Functional and organic disease, differ- 
ential diagnosis, 200, 269 
Function, recovery of, 38 
Functions, controlling, 237 
Fundus oculi (see Eye) 

Oait, cerebellar, 81, 154 
Ganglia, central, 30 

symptoms of disease of, 149 
Ganglionic nerve-cells, 217 
Gasserian ganglion, 79 
-General paralysis of insane, 199 

paralysis, articulation in, 91 
paralysis, congestive attacks 

in, 134 
paralysis, symptomsr of, 200 
Gesture, expression by, 105 
Girdle-pain, 247 

Glosso-pharyngeal nerve, origin, 24 

paralysis, 85 

Haemorrhage, cerebral, 162 

cerebral, symptoms, 190 
meningeal, 164 
meningeal, during birth, 
169 



Hsemarrhage, retinal, 137 

ventricular, 189 
Half -vision centre, 18 
Headache, 121 

association with optic neu- 
ritis, 122 
association with delirium, 

101 
functional, 121 
paroxysmal, 122 
paroxysmal, in children, 134 
significance, 186 
Head, pain in, 121 

unpleasant sensations in, 124 
Hearing, affection of, 83 

central relations, 21 
method of testing, 83 
Heart disease, causing embolism, 165 

disease, significance, 179, 185 
Hemianadsthesia, 59 

case, from organic 

disease, 14 
hysterical, 61 

Hemiopia, 17 

causation, 62 

examination for, 67 

from disease of thalamus, 

149 
nasal, 64 
temporal, 64 
varieties, 69 
Hemiplegia, 43 

alternate, 50 

choreoid movements af- 
ter, 52 
congenital, 169 
distribution of palsy in, 44 
hysterical, 202 
infantile (see Infantile 

hemiplegia) 
lesion on same side, 43 
relation to seat of disease, 

156 
spastic, 168 
varieties, 50 
Hemisphere, right, use in speech, 108 
Heredity, neurotic, 186 
Hydrocephalus from injury during 

birth, 170 
Hyper-pyrexia in disease of pons, 133 
Hypochondriasis, cephalic sensations 
in, 124 
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Hypochondriasis, loss of memory in, 

102 
Hypoglossal nerve, 23 
nucleus, 28 
paralysis, 92 
Hysteria, affection of sight in, 19, 61 
aphonia in, 89 
coma, 98, 201 
contracture in, 202 
diagnosis from organic dis- 
ease, 200 
diagnosis from spinal disease, 

270 
hemiansBsthesia, 61, 202 
hemiplegia in, 202 
in cases of brain disease, 56 
paralysis of larynx, abduc- 

tor, 87, 203 
paralysis of larynx, adductor, 

88,203 
stupor in, 201 
tremor in, 202 
vomiting in, 130 
Hysterical paraplegia, 270 
Hysteroid convulsions in organic dis- 
ease, 57 

Illustrations of diagnosis, 274 
Images, double, 73 
Incoherence of ideas, 103 
Incontinence of urine, 136 
Inco-ordination, 57 

cerebellar, 154 
Indications of nature of disease, 258 

of position of disease, 250 
Indirect symptoms, 41 
Infantile hemiplegia, causes, 168 

hemiplegia, congenital, 169 
hemiplegia, hysteria after, 61 
hemiplegia, recovery of sen- 
sation in, 61 
Inflammation of brain, 170 

of membranes (see Men- 
ingitis) 
Insula (see Island of Beil) 
Insular sclerosis (see Sclerosis) 
Internal capsule (see Capsule) 
Iris, centre for, 26 

(See also Pupil) 
Irritable weakness, 239 
Irritation, 40 

sensory. 62 
19 



Irritation, paroxysmal, 62 

Island of Beil, symptoms of disease, 149 

Joints, effusions into, in hemiplegia, 50 

Kidney disease (see Bright's disease) 
Knee-jerk, 222, 224 

Labio-glossal paralysis, 93 

paralysis, articulation in, 
199 
Labyrinth, disease of, 83 
Language, sensory relations of, 107 
Larynx, nerve-supply, 86 
paralysis of, 86 
paralysis in hysteria, 203 
Lead-poisoning, optic neuritis in, 140 
Leg, affection in hemiplegia, 45 

centre, 9 
Lenticular loop, 31 

nucleus, 31 
LeucocythsBmia a cause of hsBmor- 

rhage, 183 
Lips, origin of fibres for, 25 
Localization, 144 

Mastication, muscles of, paralysis of, 79 
muscles of, paralysis of, in 
hemiplegia, 44 
Medulla oblongata, nerve nuclei in, 22 
oblongata, symptoms of dis- 
ease, 153 
Memory, loss of, 101 

loss of, in hypochondriasis, 102 
for words, 106 
for words, in defect, 110 
Meningitis, 171 

acute, symptoms, 192 
acute, varieties, 171 
chronic, alcoholic, 194 
chronic, syphilitic, 171 
chronic, syphilitic, symp- 
toms, 194 
spinal, 268 
Mental symptoms, 94 

symptoms, significance of, 187 
weakness, 101 
weakness, juvenile, 103 
Micturition and defsecation, 242 

centre for, 243 
Migraine in children, 134 

sensory disturbance in, 62 
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MigTRine, TiBual Bymptoms in, 71 


Occipital lobe, relation to vision, 19 ^^H 


MfAile apaam after hemiplegia, 53 


lobe, symptoms of diseMl^^^l 


Monoplegia, SI 


148 "--^_ 


Moral Bense, defects of, 103 


Ocular vertigo, 75, 138 ^^H 


Motor conduction, 317 


Oculo-motor nerves, 73 ^^^^| 


oonvolutiona, 


(See also Eye muscles) ^^^^| 


nerve-cella, 317 


Olfactory nerve, 31 ^^^| 


palay,43 


nerve, symptoms of deran^^^^f 


path, 10 


^^^^1 


MoTeraent, co-ordination of, 335 


Olivary bodies, 32 ^^H 


inco-ordi nation of, 57 


Onset, modes of. significance, 177 ^^^H 




Ophthalmia, n euro-paralytic, 79 ^^^H 


Muscles, njitrition in hemipleKia, 49 


Ophthalmoplegia, 77 ^^B 


of eyeball, paralysis, 75 


Ophthalmoscope, importance ot, 136 


of larynx, action, 88 


changes revealed by. 


of larynx, paralyaia, ST 


136 


of laryni, paralyaia, unilateral 




and bilateral, 44 


diaeaae of optic 


Muscular nutrition, 238 


nerve, 04 


Myelitia, 350 




Myotatic contractions, 330 


from, 100 '^^^H 


irritabUity in hemiplegia, 46 


Optic chiasma, 16 ^^^H 
nervea, affection of, 64 ^^^H 


'Nausea, 130 


ITeck, paralyaia of, congenital. 170 


nerves, atrophy of, 143 ^^^H 


paralysis of, from diaeaae of 


nerves, atrophy of, its Bignli^^^H 


spinal accessory, 90 


cance, 187 ^^H 


ITerve origins, relation of apinea to, 311 


nervea, decussation of, 16 ^^^H 


Nerrea, cranial, 16 


nervej, irritation-ay mptoms, 3^^^^| 


affection in hemiplegia, 50 


nerves, neurits, 64, 137 ^^^^| 




neuritis and headache, 123 ^^^H 


nerves, 93 


neuritis, aignificance of, 186 ^^H 


aaaociated palsies of eye nervea, 


thalamus, 30 ^^H 


93 


thalamus, symptoma of diaeaS^^^f 


course at base, 37 


149 j^H 


relation to motor tract, 37 


Orbicularis oris, innervation of, 23 ^^^H 


' signiflcauce ot palay of, 157 


^^^1 


(See alao under the several 


Pain, diagnostic significance of, 346 ^^^| 


nerves) 


Palate, nerve-supi>ly, 33, 89 ^^^H 


Neurasthenia, 134 


paralysis, 90, 91 ^^H 


Neuritis, optic (see Optic) 


paralysis in facial palsy, 81 ^^H 




Paralysis, motor, 42 ^^^H 


Nuclei of cranial nerves (see under the 


(See also Hemiplegia, etc)^^^^l 


special nerves) 


Paraplegia, congenital spastic, 170 ^^^1 


Nutrition, muscular, 338 


dolorosa, 347 ^^^1 


of bones and joints, 343 


hysterical, 270 ^^H 


of muscles in hemiplegia, 49 


Paresia, 43 * 


of akin, 50. 243 


Parietal lobe, aymptoms of disease, 148 


Nystagmus, 187, ISO 


Partial lesions. 350 . 




Parturition, injury to brain during, lOB^^^ 


Oblique muscles of eyeball, paralyaia 


paralysis after (see Puei^^^l 


of, 76 


peral state) ^^^| 
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Pathological diagnosis, 258 

Perimeter, 66 

Pharynx, paralysis of, 85 

Phonic laryngeal palsy, 89 

Phthisis, thrombosis in, 166 

Physiology, pathological, of the spinal 

cord, 217 
Plate, descriptioA of, 282 
Pneumogastric nerve, origin, 23 

nerve, paralysis, 85 
Pons, circulation in, 35 

disease of, effect on temperature^ 

133 
disease of, symptoms of, 152 
Position, loss of sense of, 60 
Post-convulsive weakness, 55 
Post-hemiplegic chorea, 52 
Prefrontal lobe, 7 
Premonitory symptoms, significance of, 

177 
Ptosis, 77 

in hemiplegia, 157 
in hysteria, 203 
Puerperal state, throinbosis in, 166 
Pulse, 134 

Pupil, centre for reflex action, 26 
affections of, 78 
in paralysis of third nerve, 77 
Pyramidal tracts, 10, 215 
Pyramids, decussation of, 43 
Pyrexia, absence in inflammation, 133 
(See also Temperature) 

Reaction of degeneration, 80, 239 
Reading in loss of speech, 118 
Recovery from hemiplegia, 50 
Rectus muscles, paralysis of, 75 
Recurring utterances, 113 
Reflex action in hemiplegia, 46 
actions, 219 
loop, 220 

patellar tendon, 222 
Resistance in nerve-centres, 40 
Respiration, centre for, 23 

Cheyne-Stokes, 95, 135 
disturbance of, 135 
in apoplexy, 95 
in diseases of medulla, 153 
Respiratory paralysis of larynx, 89 
Retina, changes in brain disease, 136 

function in the two halves of, 
19 



Retina, haemorrhages in, 137 
Retinitis, albuminuric, 137 
Rigidity in hemiplegia, 47 

Scleit^sis, 216, 259 

disseminated or insular, 199 
Scrofula, diagnostic importance of, 263 
Seat of lesion, diagnosis, 144 

of lesion in relation to symptoms, 
183 
Sensation, disturbance of, 59 

loss of, in disease of motor 

cortex, 60, 148 
loss of, in hemiplegia, 60 
loss of, in hysteria, 61, 202 
path for, 13 

recovery in infantile lesions,, 
60 
Senses, special, anatomy of nerves, 16^ 
symptoms of disturbance, 62 
(See also Vision, Smell, etc., and 
under the several nerves) 
Sensory conduction, 21*^ 
cortex, 14 
crossway, 14 
irritation, 62 
symptoms, 59 
Sexual functions, 244 
Sight (see Vision) 
Signs, expressions by, 105 
Singing in speech-defect, 109 
Sixth nerve, liability to pressure, 2T 
nerve, nucleus of, 24 
nerve, paralysis, 75 
Smell, nerve of, central relations, 21 
examination of, 63 
(See also Olfactory nerve) 
Softening of brain, necrotic, 165 

of brain, simple chronic, 164 
Spasm, 247 

after hemiplegia, mobile, 52 
rigid, 47 
tonic, 57 
Speech, affection of, 104 
centres, 107 
congenital loss of, 170 
sensory relations of, 106 
Special senses (see Senses) 
Sphincters, affection of, 136 
Spinal accessory nei-ve, external part, & 
accessory nerve, external part,, 
course, 5 
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Spinal acceesory nenre, external part, 
paralysis, 91 
accessory nerve, internal part, 

nucleus, 23 
accessory nerve, internal part, 

paralysis, 87 
epilepsy, 249 
Spines, relation to nerve origins, 211 
Status epilepticus, temperature in, 183 
Strabismus, 73 

in hysteria, 203 
Stupor, 95 
Sudden lesions, 175 
Symptoms, mechanism of, 38 

relation to locality, 145 
Syphilis, diagnostic importance of, 263 
Syphilitic disease of arteries, 166 

disease causing thrombosis, 

166 
disease coexisting with athe- 
roma, 165 
disease, softening from, 

symptoms,* 165 
growths, 171 
meningitis, 171, 195 
System diseases, 250 

Tache cerebrate, 135 
Taste, nerves of, 22 
Temperature in apoplexy, 96 

in brain disease, 138 
depression of, 134 
Temporal lobe, affection of smell in dis- 
ease of, 63 
lobe, connection with cere- 
bellum, 29 
lobe, symptoms of disease, 
148 
Tendon reflexes (so-called), 222 

reflexes, in hemiplegia, 46 
Testamentary capacity in aphasia, 120 
Tetanoid spasm, 57, 155 
Third nerve, nucleus, 25 

nerve, paralysis of, 75, 77 
Thrombosis, 165 

in arteries, 165 
in sinuses, 166 
in veinp, 167 

in veins in childhood, 167 
in veins in childhood, 
symptoms, 167 
Tinnitus aurium, 84 



Tongue, paralysis of, 91 

paralysis of, in hemiplegia, 43 
Tonic spasm after hemiplegia, 57 

spasm, in cerebellar disease, 155 
Total transverse lesions, 250, 255 
Tremor after hemiplegia, 52 

hysterical, 202 

significance of , 188, 198 
Trophic changes after hemiplegia, 49 

changes in eyeball, 79 
Tumors of brain, 172 

of brain, indications of nature, 
195 

of brain, symptoms, 194 
Tuning-fork, use of, 83 

Unilateral lesions, 254 

Ursemia, diagnosis from apoplexy, 99 

Urine, changes in, 135 

incontinence of, 136 

incontinence of, from mental 
state, 103 

retention of, 136 
Utterances, recurring, 113 

Yascular lesions, 176 

lesions of cord, 258 
system, state of, diagnostic 
importance of, 263 
Vaso-motor centres, 245 
changes, 134 

changes in hemiplegia, 49 
Veins of the brain, 36 

of the brain, thrombosis in, 167 
Venous circulation, peculiarities, 37 
Verbal amnesia, 110, 116 
Vertigo, 125 

aural, 128 
epileptic, 129 
gastric, 128 
ocular, 75, 128 
vomiting with, 129 
Vision, centres for, 19 

centres, higher, 21 
color, examination, 66 
color, fields for, 67 
examination of, 66 
field of. 16 

field of, examination of, 66 
field of, projection of, 74 
path, 19 
transient loss of, 71 
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Vocal cords, paralysis of, 87 White substance of cerebrum, symp- 

Voice in expression, 105 toms of disease, 149 

Voluntary movements in hemiplegia. Will, power of making a, in loss of 

45 speech, 120 

speech, 105 Word-blindness, 113 

Vomiting, 129 deafness, 108 

deafness, order of loss, 115 

Weakness, irritable, 289 Writing power, loss of, 115 

White substance of cerebrum, 7 power, preservation of, 113 
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This is the acknowledged standard upon this interesting subject, and is the most complete 
fl treatise upon it in the language. 

g MATERIA MEDIOA AND THERAPEUTIOS OF THE SKIN. By HENRY G. PIFPARD, AM., 
fl M.D., Prof tHsor of Dermatology^ Medical Department of the Universitp of the City of New York; 

« Surgeon to Charity Hospital^ etc. 

gi ** Morbi epidermidem^ epithelium, cutim^ et cellnlosam membranum efflcientes tarn multi sunt, ut vix 

in ordinem patiuntur redigi : ex medicamentis antem quae maxime ad eorum morborum cnrationem 
sunt im usu, hie proponemus," — Dk Gorteb (1740) . 

^ ^^ This original work is probably one of the most useful books for the general practitioner 

^ ever published upon the subject, containing as it does a systematically classified mass of the most popu- 

^ lar and recent formuJpe. 

2 A TREATISE ON DISEASES OF THE JOINTS. By RICHA.RD BARWELL, F.R.C.B. Surgeon 
t* Charing- Cro88 Hospital^ etc. Illustrated by numerous engravings on wood. 

^ ^i^ This standard book, just re-writtcn by its distingulRhed author, is, by special arrangement with 

^ him, piiblibhed in this library in advance of its appearance in England. 

* A TREATISE ON THE CONTINUED FEVERS. By JA.MES C. WILSON, M.D., Attending Phy- 
^ sician to the Philadelphia Hospital and to the Hospital of the Jefferson Medical College^ and Lecturer 
fl , on Physical Diagnosis at the Jefferson Msidicat College, Fellow of tfte College of Physicians^ Phila- 

• •e delphia. etc. With an introduction by J. M. DA. COSTA, M.D., Professor of the Practice qf Medicine 
*• and Clinical Medicine at the Jefferson Medical College, Physician to the Pennsylvania Hospital, Con- 

^^ suiting Physician to the Children''s Hospital, Fellow of the College of Physicians, Philadelphia, etc. 

Kp, 1^^ It would hardly be possible to present to the profession a work of more universal interest than 

2 thiii. Tiie volume is si)ecially prepared for this series, and necessarily possesses great practical value 

»* • to all pracLiiioners of medicine. 

•^ A MEDICAL FORMULARY. By LAURENCE JOHNSON, A.M., M.D., Fellow of the New York 
g Academy of Medicine, etc. 

pm A ^^ irs a long time since the first publication of Ellis and of Griffiths ; the present modem work 

■J * will, therefore, be peculiarly acceptable. 

S u THE DISEASES OF OLD AGE. By J. M. CHARCOT, M.D., Professor in FacuUy of Medicine qf 

OS 2 PaHy? ; Physician to the Salpetriere ; Member of the Acade.my of Medicine ; of the Clinical Society of 

^9 London ; of the Clinical Society of Buda-Pesth ; of the Society of Natural Sciences^ Brussels ; F'resident 

« e of the Awttomical Society, etc., etc. Translated by L. HARRISON HUNT, M.D., with numerous 

U fl additions by A. L. LOOMIS, M.D., etc., Professor of Pathology and Practical Medicine in the Medical 

• Department of the University of the City of Aew York ; Consulting Physician in the Charity Hospital ; 
m to the Bureau of Out- Door Relief; to the Central Dispensary; Visiting Physician to the Bellevue 
iS Hospital ; to the Mount Sinai Hospital, etc., e'c. 

« t^~ This work is upon a subject little understood, and but littfo treated of by authors. It will be 

* almost the only book of its kind. 

^ COULSON ON THE DISEASES OF THE BLADDER AND PROSTRATE GLAND. Sixth 
5 Edition. Revised by WALTER J. COULSON, F.R.C.S., Surgeon to St, Peter's Hospital for Stone, etc., 

and Surgeon to the Lo. k Hospital. Illustrated by wood engravings. 

O ^i^ This (Standard work has just been revised and is most highly commended by the leading medical 

journals of England. 

GENERAL MEDICAL CHEMISTRY. A practical manual for the use of physicians. By R. A. 
WITTHAUS, A.M., M.D., ProfvHsor of Medical Chemistry and Toxicology In the UnivtrsUy of Ver- 
ft mont. Member of the Chemical Societies of Paris and Berlin, New York Academy of Medicine, etc. 

O E@^ No medical chemistry especially intended for the use of practising physicians has appegu^d for a 

^ long time ; it is therefore believed this " will Jill a want long fell.''' 

% ARTIFICIAL ANJESTHESIA AND AN-JESTHETICS. By HENRY M. LYMAN, AM., M.D., 
g Professor of Physiology and Nervous Diseases in Rush Mediail College, and Professor qf Theory and 

^ Practice of Medicine in the Woman's Medical College, Chicago, III. 

a ^i^ The first comprehensive and complete treatise upon this comparatively modem and very im- 

^ portant subject. 

2 A TREATISE ON FOOD AND DIETETICS. Physiologically and Therapeutically considered. By 
F. W. PAVY, M.D., F.S. Second Edition. 

A HANDBOOK OF UTERINE THERAPEUTICS AND DISEASES OF WOMEN. By 
EDWARD JOHN TILT, M.D. Fourth Edition, 

DISEASES OF THE EYE. By HENRY D. NOYES, M.D., Professor of Ophthalmology and Otology 
i'l Bellfvue HnnpUal Medical College, Surgeon to the New York Eye and Ear Injlnnarv, etc. Illus- 
trated by two ohromo-lithographs nud numerous wood engravings. 

^if* This treatise in written with a special view to the needs of the general practitioner, and treaU 
the subject in a very plain, practical way. 
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VENEREAL DISEASES. By E. L. KEYES, A.M., M.D., AOiunct Professor of SurgerVy and Profenaor • 

of Dermatology ill Bcilevue tiospnal Medical uoUege; ConaulUng Surgeun to the Charittf Hospital ; M 

Surgeon to Belltvue Hospital, etc. U 

^ir* It makes a handsome volume of 361 pages, thoroughly covering the subject. It is written with fl 

special reference to the needs of the physician in active practice, and is well illustrated. ^ 

A HANDBOOK OF PHYSICAL DIAGNOSIS: Comprising the Throat, Thorax, and Abdomen. By g 

Db. PAUL GUTTMAN, PHout-Docent in Medicine^ University of Berlin. TranFlated from the Third Z 

German Edition by ALEX. NAPIER, M.D., Fel. Fac. Physicians and Surgeons^ Ola>gow. American ^ 

Edition, with a colored plate and nnmerous illustrations. • 

f^^ This standard work, the highest authority upon the subject, han passed through several editions g 
in Germany, and has been translated into French, Italian, Russian, Spaniwh, Polish, and Engli»h. A 

volume of 344 pages. ^ 

A TREATISE ON FOREIGN BODIES IN SURGICAL PRACTICE. By ALFRED FOULET, M.D., § 

Adjutant Surgeon- Major ^ Injector of the School for Military Medicine at Val-de-Orace, Illnstrated ^ 

by original wood engravings. Translated from the French. Volume I. ^ 

^^ This new and practical work upon an entirely new subject is of unusual interest and value. It ** 

is tninalated by permission of the author, who hasreviHed and corrected it, with additions, especially ^ 

for this series. This volume is illustrated by many fine engravings. ^ 

A TREATISE ON FOREIGN BODIES IN SURGICAL PRACTICE, By ALFRED POULET, M.D.. « 

Jdjutant Surgeon- Major ^ Inspecttn- of the School /or Military Mtdicine at Val-dt-Otace. Illustrated i^ 

by original wood engravings. Volume II. g 

A TREATISE ON COMMON FORMS OF FUNCTIONAL NERVOUS DISEASES. By L. CSnJ 
FUTZEL, M.D., Visiting Physician f>r Nervous Diseases^ KandaWs Island Hospital; J'hysicitm to *• 

the Class for yervous JDiseases, Bellevue Hospital Out-Door D^paitment; and Pathologist to the Lu- ^"g^ 

natic Asylum^ B. t. ^^ 

\^^ This volume is especially prepared for use of general practitimera, and treats in a practical way ? 

of the foi-ms of nervous disorders con\monly met with in practice. It makes a book of !26^ pages. «« • 

DISEASES OF THE PHARYNX, LARYNX AND TRACHEA. By MORRELL MACKENZIE,. 8 $ 

M.D. , Loudon. Illustrated by 112 fine wbod engravings. V^ 

t:W This work, by the best English authority is just completed, and will be welcomed by the profes- ►»5 

sion in America. It makes a large volume of 440 pages. S " 
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MALE PELVIO ORGANS in a series of plates taken from nature with commentaries, notes, and h a 

cases by HENRY SAVAGE, M.D., London, Fellow of the Royal College of ^surgeons of England^ one 01 2 

of the Consulting Medicat Officers of the Samaritan Hospital for Women. Third edition, revised and 0*8 

greatly extended. O 

fW" 32 full-page lithographic plates and 22 wood engravings, with special illustrations of the opera- jj A 

lions on Vesico- Vaginal Fistula, Ovariotomy, and Perineal Operation. This is the cheapest book ever ^ 

published on any branch of medicine at any time, and is almost worth the entire cost of the twelve o 

volumes. ^ 

THERAPEUTICS. Illustratfd by D. F. LINCOLN, M.D., from the Materia Medica and Thera- g 
peutics of A. TOSSEAU, M.D., Professor of Therapeutics of the Faculty of MedUAne of Paris^ 

r'hysidan to F Hotel Dieu, etc., etc.^ H. PIDOUX. M.D., Member of the Academy of Medicine, <S 

Paris, etc.. etc., and CONSTANTINE PAUL, M.D., Adjunct frofessor of the Faculty of Paris, Phy- A 

sician to the St. Antoine Hospital, etc. Ninth French Edition, Revised and Edited. Volume I. Any ** 

work by Trosseau need« no introduction to the Medical Profesnion — his profound knowledge, his admir- ^ 
able facility of imparting instruction, and his delightful style commend whatever bears his name to 

their best consideration. This work is said to be superior to any other upon the snttject, and one which * 

will long continue to be a standard. The editon from which this translation is made has been «« 

thoroughly revised and edited by Dr. Paul, and brought down to the present year. * 

THERAPEUTICS. Translated by D. F. LINCOLN, M.D., from the Materia Medica and Therapeutics * 

of A. TIIOSSEaU, M. D., I'rofessttr if Therop'-utics of <*« Faculty of Mertitine it/ Paris, Physician to 9 

rHotel Dieu. etc., etc., II. PIDOUX, M.D., Member of the Academy of Medicine. Pans, etc. etc., and ft 

CONSTANTINE PAUL, M.D., Adjunct Professor of the Faculty of Paris, Physician to the St. Antoine ^ 

Hospital, etc. Ninih Edition, Revised and Edited. Volume II. 

THERAPEUTICS. Translated by D. F. LINCOLN, M.D., from the Materia Medica and Therapeutics of £ 

A. TROSSEAU, M. D., Projensor oj Therapeutics of the Facu/ty of Medicine of Paris, Physi<-ian to • 

r Hotel Dieu, <tc.. etc., H. PIDOUX, M D., Member of the Academf/ of Medicine, Paris, etc., etc.. and m 

CONSTANTINE PAUL, M.D.. Adjunct Professor 0/ the Faculty of Paris, Physician to the St. Antoine ^ 

Honpitiil, etc. Ninth French Edition, Revised and Edited. Volume III. ^ 

DIAGNOSIS AND TREATMENT OF DISEASES OF THE EAR.— By ALBERT H. BUCK, M.D., H 

I/mtructor in Otology in the Cidlege of Physicians and Surgeons, New York; Aural Surgeon to the I 

N. y. Eye and Ear Infirmary; Editor of Ziemssen^s Cyclopedia of the Practice of Meaiciue, and W 

Edititr oj *'/! T, ecUise on Hygiene and Public Health.'''' ■* 

MINOR SURGICAL GYNECOLOGY. By PAUL F. MUNDE, M.D. A Manual of Uterine Diagnosis 
jiml the Lesser Technicwlities of Gynecological Practice, for the Use of the Advanced Student and 
General Practitioner. In one octavo volume of 392 Pages. With SOO Illustrations. 

^T" This book is intended to contain many hints concerning the minor details of practice in the 
tifiatment of women, commonly overlooked in general treatises. It is written especially for this library. 
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"2 REST AND FAIN. A Course of Lectures on the Influence of Mechanical and Physiolc^cal Ret>t in 

g the Treatment of Accidents and Surgical Diseases and the DiagnoRtic Value of Fain. By JOHN 

«» HILTON, F.R.S., F.R.C.S. Edited by W. H. A. JACOBSON, F.R.C.S. 

• DISEASES OF THE INTESTINES AND FERITONEUM. Comprising Articles on— Enteralgia, 
g by JOHN RICHAilD WARDELL, M.D. ; Enteritis, Obstruction of the Bowels, Ulceration of the 
»^ Bowels, Cancerous and other Growths of the Intestines, Diseases of the Caecum and Appendix Vermi-^ 
Z forrais, by JOHN SYER BRI3T0WE, M.D. ; CoUc, Colitis and Dysentery, by J. WARBURTOn' 
*" BEGBIE, M.D. ; Diseases of the Rectum and Anus, by THOMAS BLIZZARD CURLING, F.R.S. ; 
5 Intestinal Worms, by W. H. RANSOM, M.D. ; Pcriionitis, by JOHN RICHARD WARDELL, M.D. ; 
** Tubercle of the Peritoneum, Carcinoma of the Peritoneum, Affections of the Abdominal Lymphatic 
9 Glands and Ascites, by JOHN SYER BRISTOWE, M.D. 

CB A CLINICAL TREATISE ON DISEASES OF THE LIVER. By DR. FRIED. THEOD. 

'9 FRERICH3. Translated by CHARLES MURCHISON, M.D. In Three Volumes, Octavo. Volume L 

§ * Illustraled by a full-page Colored Plate and numerous fine Wood Engravings. 

fg^ A CLINICAL TREATISE ON DISEASES OF THE LIVER. By DR. FRIED. THEOD. 

•ft FRERICHS. Translated by CHARLES MURCHISON, M.D. In Three Volumes Octavo. Volume IL 

O g Illustrated by a full pa ^e Plate and numerous fine Wood Engravings. 

• « A CLINICAL TREATISE ON DISEASES OF THE LIVER. By DR. FRIED. THEOD. FRER- 
•O* ICHS. Translated by CHARLES MURCHISON, M.D. In three volumes, octavo. Volume III. 
>k 2 Illustrated by a full-page Plate and numerous fine Wood Engravings. 

«** MATERIA MEDIOA AND THERAPEUTICS. (Vegetable Kingdom.) By CHARLES D. F. 
^u PHILLIPS, M.D., F.R.C.S.E., Lecturer on Materia Medicaat Westmimter Hospital^ London. Re- 
ft 2 vised and adapted to the U. S. Pharmacopoeia by HENRY G. PIFFARD, A.M., M.D., iVo/e*«or of Der- 
niatologj/, University of the City of Xeto Yorky Surgeon to the Cliarity Hospital^ etc.y etc. This prac- 

u S tical book forms a volume in this series of 327 pages. 
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• A CLINICAL TREATISE ON THE DISEASES OF THE NERVOUS SYSTEM. By M. ROSEN- 
'm THAL, Professor of Diseases of the Nervous System at Vienna. With a preface by Professob 
« CHARCOT. Translated from the Author's revised and enlarged edition by L. PUTZEL, M.D., Phya- 
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ician to the Class for Nervous Diseases^ Bellevue Out-door Dept., and Patlwlogist to the Lunatic 
Asylum^ BlackwelVs Island. In two volumes. Volume I. Illustrated with fine Woodcuts. This new 
edition of Prof. Rosenthal's woi k is pronounced by the most eminent neurologists to be the best treatise 

^ extant upon the subject, clear in its pathology and full and practical in therapeutics. This is a volume 

jj of 284 pages. 

5 . A CLINICAL TREATISE ON THE DISEASES OF THE NERVOUS SYSTEM. By M. R0SE2* 
THAL, Professor of Diseases of the Nervous System at Vienna. With a Preface by Pbof. CHARCOT. 
Translated from the Author's revised and enlarged edition by L. PUTZEL, M.D. Volnme II. 
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^ DISEASES OF WOMEN. By LAWSON TAIT, F.R.C.S. A new EcUtion, with considerable 

e additions, prepared by the Author expressly for this Library. This very compact, useful book makes a 

u volume, of 204 pages, with illustrations. 

• INFANT FEEDING, AND ITS INFLUENCE ON LIFE j^ Or, The Causes and Prevention of 
Infant Mortality. By C. H. F. ROUTH, M.D. Third Edition. This unique work forms a volume of 
286 pages in this Library. 

A PRACTICAL MANUAL OF THE DISEASES OF CHILDREN, WITH A FORMULARY. 
By EDWARD ELLIS, M. D. Third Edition. This standard b(X)k makes a volnme in this series of 
225 pages. 

A MANUAL OF SURGERY. By W. FAIRLIE CLARKE, M.A. and M.B. (Oxon.), F.R.C.S., Assistant 
Surgeon to Charing Cross Hospital. A new Edition, thoroughly revised, w^th important additions by 
an American tturgeon. Nearly 200 illustrations. Over 800 pages. 
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